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Genera l  Ob j e e t i v e s  
The U n i v e r s i t y  of Texas a t  D a l l a s  came i n t o  e x i s t e n c e  September 
1, 1969, when t h e  Southwest Cen te r  f o r  Advanced S t u d i e s  was g i v e n  t o  
The U n i v e r s i t y  of Texas System t o  form t h e  n u c l e u s  of t h e  new u n i v e r s i t y .  
The new u n i v e r s i t y  i s  c l a s s i f i e d  a s  a  g e n e r a l  e d u c a t i o n a l  i n s t i t u t i o n .  
I n i t i a l l y ,  i t  w i l l  b e  invo lved  i n  g r a d u a t e  programs o n l y ,  and t h e s e  
a r e  be ing  implemented a s  they  a r e  approved by t h e  Board of Regents  of 
The U n i v e r s i t y  of Texas System and by t h e  Coord ina t ing  Board,  Texas 
C o l l e g e  and U n i v e r s i t y  System. Undergraduates  w i l l  e n t e r  t h e  sys tem 
i n  1975,  The f i r s t  g r a d u a t e  programs have been e s t a b l i s h e d  i n  p h y s i c s  
( i n c l u d i n g  a tmospher ic  and s p a c e  p h y s i c s ) ,  geophys ics ,  and molecu la r  
b i o l o g y .  
The Southwest Cen te r  f o r  Advanced S t u d i e s  was formed i n  1961 
t o  a s s i s t  i n  t h e  development of g r a d u a t e  e d u c a t i o n  i n  t h e  S o u t l ~ w e s t .  
From i t s  i n c e p t i o n ,  SCAS was un ique  a s  a n  e d u c a t i o n a l  i n s t i t u t i o n  i n  
t h a t  i t  p r e s e n t e d  a  m u l t i d i s c i p l i n a r y  approach i n  o r g a n i z a t i o n  r a t h e r  
t h a n  t h e  c l a s s i c a l  depar tmenta l  s t r u c t u r e .  We u s e  c a d r e s  termed 
d i v i s i o n s  whose f a c u l t y  members r e p r e s e n t  s e v e r a l  major s c i e n t i f i c  
d i s c i p l i n e s  working t o g e t h e r  i n  p rob ing  problems of b a s i c  r e s e a r c h .  
A number of c o o p e r a t i v e  programs have been developed w i t h  o t h e r  
e d u c a t i o n a l  i n s t i t u t i o n s ,  and t h e s e  a r e  c o n t i n u i n g  under The U n i v e r s i t y  
of Texas a t  D a l l a s .  The Atmospheric and Space Sc iences  D i v i s i o n  s e r v e s  
as  " c h e  Space Sciences Ce-iiter of the  l i ~ s t i t u t e  of Technology a t  Sou thern  
Methodist University, The Geosciences Division has been engaged in a 
joint doctoral program with Southern Methodist University for several 
years, in which the Geosciences faculty hag served as part of the SivIU 
faculty. Under a new agreement reached in 1968, a new joint program 
was undertaken in which students are accepted at SCAS, now The University 
of Texas at Dallas, although registering at SMU, but with primary respon- 
sibility for the student residing at this institution. Both of these 
Geosciences arrangements are working simultaneously. In the area of 
relativity and cosmology, several students from The University of Texas 
at Austin have undertaken and completed their thesis research at Dallas. 
Other somewhat similar arrangements have been utilized, or are under 
way, with several other schools in the Southwest, including North Texas 
State University, Texas A M  University, and Oklahoma State University. 
Several private institutions in the North Texas area have joined 
together in The Association for Graduate Education and Research (TAGER). 
Participant Institutions of this association are The University of Texas 
at Dallas, Southern Methodist University, Texas Christian University, 
Dallas Baptist College and the University of Dallas. Associate Participant 
Institutions include Austin College, Texas Wesleyan College, and Bishop 
College. These institutions are joined by closed circuit, microwave link 
television for exchange of courses and seminars, primarily in science 
and engineering at the graduate level. Receiving locations also exist 
in many industrial laboratories or plants in the area. The office of 
TAGER and its television central swi tch ing  station are located on the 
campus of The University of Texas at DaLlas. 
The NASA S u s t a i n i n g  Grant has  been v e r y  h e l p f u l  i n  t h e  development 
of t h e  r e s e a r c h  program a t  our  i n s t i t u t i o n .  It h a s  c o n t r i b u t e d  t o  a  
space  o r i e n t a t i o n  i n  t h e  program and h a s  s e r v e d  t o  keep a  s i g n i f i c a n t  
p o r t i o n  of t h e  s t a f f  invo lved  i n  t h e  NASA s c i e n t i f i c  program. Th is  
h a s  r e s u l t e d  i n  a p r o d u c t i v e  c o o p e r a t i o n  between The U n i v e r s i t y  of Texas 
a t  D a l l a s  and s e v e r a l  NASA c e n t e r s  and programs. 
The g e n e r a l  o b j e c t i v e  of t h e  NASA-supported program i s  t o  deve lop  
an u n d e r s t a n d i n g ,  on an  i n t e r d i s c i p l i n a r y  b a s i s ,  of  t h e  s t r u c t u r e  of t h e  
s o l a r  sys tem and i t s  components, and e v o l u t i o n a r y  p a t h s  by which t h e  
p r e s e n t  o r g a n i z a t i o n a l  s t a t e  was reached .  
11 * 
Research Program Supported by Grant 
The o v e r a l l  r e s e a r c h  o b j e c t i v e  of t h e  e a r t h  and p l a n e t a r y  
program a t  UT D a l l a s  is  t o  develop a s  comple te ly  a s  p o s s i b l e  an  
unders tand ing  of t h e  p l a n e t s ,  i n c l u d i n g  t l i e i r  a tmospheres  and t h e  
p r o c e s s e s  by which t h e y  have reached t h e i r  p r e s e n t  s t a g e s  of develop- 
ment. The scope  of a c t i v i t y  ranges  from cosmology t o  d e t a i l e d  i n t e r -  
a c t i o n s  of t h e  p l a n e t s  w i t h  t h e i r  environments .  The c h a r a c t e r i z i n g  
f e a t u r e  of t h e  e n t i r e  r e s e a r c h  program i s  i t s  b r e a d t h  o r  m u l t i d i s c i p l i n a r y  
n a t u r e ,  which e n a b l e s  each r e s e a r c h  e f f o r t  t o  draw s t r e n g t h  from o t h e r  
a r e a s  around i t .  
I n  a d d i t i o n  t o  t h e  b a s i c  g r a n t ,  supp lementa l  fund ing  from t h e  
Program O f f i c e s  h a s  been p rov ided  through t h e  g r a n t  i n s t r u m e n t  s i n c e  
A p r i l  1964;  t h i s  supp lementa l  funding h a s  p rov ided  a d d i t i o n a l  s u p p o r t  
f o r  s p e c i f i c  p o r t i o n s  of t h e  program. F u r t h e r ,  t h e r e  a r e  many c o n t r a c t s  
w i t h  NASA f o r  s p e c i f i c  exper iments  t o  b e  performed i n  r o c k e t s  o r  s p a c e  
v e h i c l e s .  B r i e f  ment ion of t h o s e  a c t i v i t i e s  suppor ted  by NASA c o n t r a c t s ,  
o r  by o t h e r  a g e n c i e s  where t h e  r e s u l t s  a r e  e s p e c i a l l y  r e l e v a n t  t o  NASA 
i n t e r e s t s ,  a r e  made i n  a  l a t e r  s e c t i o n  of t h i s  r e p o r t .  I n  t h i s  s e c t i o n ,  
t h e  a c t i v i t i e s  suppor ted  by t h e  g r a n t  a r e  d e s c r i b e d .  S i n c e  t h e  r e s e a r c h  
a r e a s  a r e  f r e q u e n t l y  h i g h l y  i n t e r r e l a t e d ,  t h e i r  breakdown by s u b j e c t  
headings  is  a r b i t r a r y ,  b u t  some such  d i v i s i o n  i s  n e c e s s a r y  f o r  conven- 
i e n c e  i n  d e s c r i b i n g  t h e  programs. 
I .  O r ig in  of P lane tary  Atxnnspheres  
P, S ,  Johnson 
(a) P r o s p e c t  of obse rv ing  l u n a r  g a s  r e l e a s e  
A s  i n d i c a t e d  i n  o t h e r  r e p o r t s ,  t h e r e  i s  ample e v i d e n c e  t h a t  
g a s  r e l e a s e  from t h e  p l a n e t a r y  i n t e r i o r s  i s  t h e  s o u r c e  of p l a n e t a r y  
atmospheres ( f o r  t h e  i n n e r  o r  t e r r e s t i a l  p l a n e t s  a t  l e a s t ) ,  The rate 
of r e l e a s e  can b e  e s t i m a t e d  from t h e  t o t a l  r e l e a s e  assuming i t  t o  b e  
uniform over  g e o l o g i c  t i m e ,  b u t  no means h a s  been recognized  of 
e s t i m a t i n g  a c c u r a t e l y  t h e  p r e s e n t  rate of r e l e a s e  i f  i t  i s  d i f f e r e n t  
from t h e  average  r a t e .  The moon may o f f e r  an  o p p o r t u n i t y  t o  e s t i m a t e  
t h e  p r e s e n t  r a t e  of r e l e a s e  t h e r e .  T h i s  i s  s o  because  escape  i s  
r e l a t i v e l y  r a p i d  and r e l e a s e  i s  a p t  t o  b e  i n t e r m i t t e n t ,  p r o v i d i n g  
an o p p o r t u n i t y  t o  e s t i m a t e  t h e  r e l e a s e  r a t e  a s  a c c u r a t e l y  as t h e  
escape  r a t e  can  b e  e v a l u a t e d .  
The p r o s p e c t  of o b s e r v i n g  i n t e r m i t t e n t  gas  r e l e a s e  on t h e  
moon appears  t o  b e  reasonab ly  h i g h ,  based  on t h e  f requency w i t h  which 
s e i s m i c  a c t i v i t y  has  been observed t h e r e .  The a c t i v i t y  i s  c o n c e n t r a t e d  
n e a r  t h e  t ime  of p e r i g e e ,  s u g g e s t i n g  t h a t  i t  r e s u l t s  from g r a v i t a t i o n a l  
s t r e s s e s  on t h e  moon. Such s t r a i n i n g  of t h e  moon, l e a d i n g  t o  s e i s m i c  
a c t i v i t y ,  shou ld  b e  accompanied by a  r e l e a s e  of g a s  which i s  recog- 
n i z a b l y  d i f f e r e n t  from t h e  g a s  d e l i v e r e d  t o  t h e  moon by t h e  s o l a r  wind.  
The gas c o n c e n t r a t i o n s  t o  be  found on t h e  moon, whether  from 
i n t e r n a l  o r  s o l a r  wind origir-i,  may a t  I t i m e s  be  greater .  tljan h i t h e r t o  
thougli-i b e t a u s e  ok t h e  teodency f o r  gases t o  ccrncei-il;aie or1 Lhe coo l ,  
dark s i d e  of t h e  moon, T h i s  s u b s t a n t i a l l y  i n c r e a s e s  t h e  average  
l i f e t i m e  f o r  gas  p a r t i c l e s  on t h e  moon. Gas c o n c e n t r a t i o n s  on the 
d a r k  s i d e  of t h e  moon a r e  a p t  t o  b e  a s  much a s  30 t i m e s  g r e a t e r  t h a n  
on t h e  l i g h t  s i d e .  S i n c e  on ly  a  r e l a t i v e l y  s m a l l  p a r t  of t h e  l i g h t  
s i d e  of t h e  moon i s  h o t  and conducive t o  r a p i d  e s c a p e ,  t h e  l i f e t i m e s  
o f  p a r t i c l e s  a r e  enhanced by even g r e a t e r  f a c t o r s .  These f a c t o r s  
a r e  now b e i n g  e v a l u a t e d .  
R. R.  Hodges 
(b)  Lunar e x o s p h e r i c  t r a n s p o r t  
S t u d i e s  of e x o s p h e r i c  t r a n s p o r t  have g e n e r a l l y  been based  on 
a  c r u c i a l  assumption:  t h a t  t h e  exobase ,  where t h e  b a l l i s t i c  t r a j e c -  
t o r i e s  of e x o s p h e r i c  p a r t i c l e s  o r i g i n a t e  and t e r m i n a t e ,  can b e  approx i -  
mated a s  a  s u r f a c e  of c o n s t a n t  g e o p o t e n t i a l .  For t h e  t e r r e s t r i a l  
exosphere  t h i s  assumption i m p l i e s  n e g l e c t  of t h e  i n f l u e n c e ,  on p a r t i c l e  
t r a j e c t o r i e s ,  of c o l l i s i o n s  i n  a  l a y e r  of a tomic oxygen of abou t  a n  
oxygen s c a l e  h e i g h t  i n  t h i c k n e s s  ( c a .  50 t o  100 km). I n  c o n t r a s t ,  t h e  
g a s  p r e s s u r e  a t  t h e  s u r f a c e  of t h e  moon i s  s o  low t h a t  t h e  s u r f a c e  
forms t h e  b a s e  of an  a lmost  c l a s s i c a l  exosphere .  Thus i t  might b e  
expec ted  t h a t  e x o s p h e r i c  f a c t  and t h e o r y  shou ld  be  more c l o s e l y  c o r r e l a t e d  
on t h e  moon t h a n  on e a r t h .  
The c u r r e n t  a c c e s s i b i l i t y  o f  t h e  moon i n  t h e  Apol lo  program, 
and t h e  e v e n t u a l  a c q u i s i t i o n  of mass s p e c t r o m e t r i c  d a t a  on t h e  
composi t ion of t h e  l u n a r  a tmosphere ,  s u g g e s t  t h e  importance of a 
reexamina t ion  of e x o s p h e r i c  t r a n s p o r t  theory  i ~ i  terms of phenomena 
ttzought t o  b e  peculiar t o  the  moon, The simplest cases are the d iu l rna i  
tidal o s c i l X a t i o n s  of neon and argon, which escape sLowZy and a r e  
u n l i k e l y  t o  b e  a f f e c t e d  by s u r f a c e  a d s o r p t i o n .  Neon i s  expected t o  
b e  e s s e n t i a l l y  i n  s t a t i c  e q u i l i b r i u m ,  w i t h  a  s u r f a c e  c o n c e n t r a t i o n  
t h a t  v a r i e s  a s  T-5'2, r e s u l t i n g  i n  a  n i g h t  t o  day r a t i o  of about  
30 t o  1. Argon is  h e a v i e r  and more n o t i c e a b l y  i n f l u e n c e d  by r o t a t i o n  
of t h e  moon; i t s  n i g h t t i m e  s u r f a c e  c o n c e n t r a t i o n  maximum i s  expec ted  
t o  b e  s l i g h t l y  s h i f t e d  toward s u n r i s e  s o  t h a t  t h e  argon c o n c e n t r a t i o n  
a t  t h e  s u n r i s e  t e r m i n a t o r  should  exceed t h a t  a t  s u n s e t  by about  a  
f a c t o r  of two. Other  s lowly  e s c a p i n g  g a s e s  ( i . e .  exc lud ing  H and He) 
a r e  probably  adsorbed on t h e  c o l d  n i g h t  t ime s u r f a c e  (about  100°K),  
and t h e n  c a r r i e d  by r o t a t i o n  of t h e  moon t o  t h e  s u n r i s e  t e r m i n a t o r  where 
r e l e a s e  occurs  r a p i d l y  from t h e  warming s u n l i t  s u r f a c e ,  forming a s u n r i s e  
pocket  of g a s .  (These phenomena a r e  d i s c u s s e d  by Hodges and Johnson,  
1968) . 
I n  a d d i t i o n  t o  d i u r n a l  v a r i a t i o n s ,  i t  i s  expec ted  t h a t  o t h e r  
temporal  phenomena may b e  d e t e c t e d  on t h e  moon. Of s e l e n o l o g i c  i n t e r e s t  
a r e  t r a n s i e n t s  due t o  n a t u r a l  v o l c a n i c  r e l e a s e  of g a s e s  o r  from meteor  
impact .  Man-made t r a n s i e n t s ,  o r i g i n a t i n g  from s p a c e c r a f t  r o c k e t  f i r i n g s ,  
s p a c e  v e h i c l e  impact w i t h  t h e  s u r f a c e ,  o r  g renades  of a c t i v e  s e i s m i c  
exper iments ,  shou ld  a l s o  b e  d e t e c t a b l e ,  and may s e r v e  a s  c a l i b r a t i o n  
t e s t s  f o r  t h e  a n a l y s i s  of n a t u r a l  t r a n s i e n t s .  
The on ly  p r a c t i c a l  a n a l y s e s  of t r a n s i e n t s  i n  t h e  Lunar a tmosphere  
must come from measurenlent of t h e  f l u x  of downcoming p a r t i c i e s  a t  t h e  
su r face .  Horlfzorital mot ions  in a t r a n s i e n t  p a r t i c l e  d j s t r i b u e i o e a  m l l s t  
n e c e s s a r i l y  b e  a n i s o t r o p i c ,  s i n c e  a  t r a n s i e n t  i m p l i e s  f low away from 
a  s o u r c e ,  and t h u s  d e t e c t i o n  of a  s i n g l e  h o r i z o n t a l  component of t h e  
p a r t i c l e  f l u x  d e f i e s  a c c u r a t e  i n t e r p r e t a t i o n .  
I n  c u r r e n t  r e s e a r c h  a t  The U n i v e r s i t y  of Texas a t  D a l l a s ,  a 
number of f e a t u r e s  of t h e  p r o p a g a t i o n  of l u n a r  a tmospher ic  t r a n s i e n t s  
a r e  beg inn ing  t o  emerge. For example, t h e  u s u a l  d i f f u s i o n  models of 
e x o s p h e r i c  t r a n s p o r t  appear  t o  be  a p p l i c a b l e  o n l y  t o  problems i n  which 
s c a l e s  of d i s t a n c e  a r e  l a r g e  as compared t o  a s c a l e  h e i g h t  ( t h e  o r d e r  
of 100 km) and s c a l e s  of t ime  a r e  l a r g e  a s  compared t o  t h e  mean t ime  
of f l i g h t  of b a l l i s t i c  p a r t i c l e s  ( t h e  o r d e r  of s e v e r a l  hundred s e c o n d s ) .  
Th i s  r u l e s  o u t  t h e i r  a p p l i c a t i o n  t o  a  v o l c a n i c  r e l e a s e  of g a s e s ,  which 
i s  thought  t o  b e  r e p r e s e n t a b l e  a s  a  p o i n t  s o u r c e ,  and n e c e s s i t a t e s  a  
more compl ica ted ,  e x a c t  t h e o r y .  The l a t t e r  i s  obv ious ly  q u i t e  com- 
p l i c a t e d  i n  g e n e r a l ,  b u t  i n  t h e  s p e c i a l  c a s e  of an  impuls ive  p o i n t  
s o u r c e  on t h e  c o l d  d a r k  s i d e  of t h e  moon, where s u r f a c e  a d s o r p t i o n  
shou ld  remove v i r t u a l l y  a l l  downcoming m o l e c u l a r  g a s e s ,  t h e  t r a n s i e n t  
r esponse  of t h e  downward f l u x  of a  g a s  is  
where r i s  r a d i a l  d i s t a n c e  from t h e  s o u r c e ,  H i s  s c a l e  h e i g h t  
cor responding  t o  t h e  s o u r c e  t empera tu re  and T i s  a  c h a r a c t e r i s t i c  
t ime  of f l i g h t  g iven  by 
and <v> i s  mean p a r t i c l e  speed ,  Th is  f u n c t i o n  b a s  a maximum which 
p r o p a g a t e s  l i k e  an  ou tgo ing  shock wave, excep t  t h a t  i t s  v e l o c i t y  of 
p r o p a g a t i o n  i s  dependent  on d i s t a n c e .  Near a  s o u r c e  (r<<H) t h i s  
v e l o c i t y  is a <v> , b u t  f a r  from t h e  s o u r c e  r )  i t  becomes 2 r 
v  ( i .  e .  i n c r e a s i n g  a s  r )  It is c l e a r  t h a t  t h i s  would 
p r e c l u d e  u s e  of s i m p l e  t r i a n g u l a t i o n  t o  l o c a t e  a  s o u r c e  i f  s i m u l t a n e o u s  
o p e r a t i o n  of s e v e r a l  mass s p e c t r o m e t e r s  were f e a s i b l e .  
The c h a r a c t e r i s t i c  t ime  v a r i a t i o n  of t h e  above t r a n s i e n t  
r e s p o n s e  f u n c t i o n ,  and i t s  dependence on d i s t a n c e  and p a r t i c l e  mass 
s u g g e s t  t h a t  s imul taneous  d a t a  from a  s i n g l e  ins t rument  f o r  two g a s e s  
w i t h  s i m i l a r  s u r f a c e  a d s o r p t i o n  p r o p e r t i e s  shou ld  b e  s u f f i c i e n t  t o  
de te rmine  b o t h  t h e  d i s t a n c e  of a  s o u r c e  and t h e  t i m e  h i s t o r y  of t h e  
g a s  r e l e a s e .  On t h e  warm s u n l i t  s u r f a c e  where a d s o r p t i o n  i s  u n l i k e l y  
t o  b e  i m p o r t a n t ,  t h e  e x a c t  t h e o r y  i s  g r e a t l y  compl ica ted ,  r e q u i r i n g  
numer ica l  a n a l y s i s ,  and t h e  o n l y  emergent a n a l y t i c a l  r e s u l t  i s  t h a t  
f a r  from a  s o u r c e  t h e  v e l o c i t y  of t r a n s i e n t  p ropaga t ion  d e c r e a s e s  
-1 
w i t h  d i s t a n c e  as r . 
Reference  
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2 .  Atmospheric S t r u c t u r e  
T .  N .  L .  P a t t e r s o n  
( a )  The g l o b a l  asymmetry of t h e  exospher ic  hydrogen d i s t r i b u t i o n  
A program h a s  been  developed f o r  t h e  numer ica l  c a l c u l a t i o n  
of t h e  l a t e r a l  f low of g a s e s  o v e r  a  s p h e r i c a l  s u r f a c e .  A p p l i c a t i o n  
h a s  been made t o  t h e  f l o w  of a tomic hydrogen i n  t h e  e a r t h ' s  exosphere .  
The escape  of a tomic  hydrogen from t h e  h i g h  r e g i o n s  of t h e  e a r t h ' s  
atmosphere p l a y s  a  fundamental  r o l e  i n  de te rmin ing  t h e  a l t i t u d e  
d i s t r i b u t i o n  of t h i s  g a s .  The r a t e  of e s c a p e  i s  w e l l  known t o  b e  a  
v e r y  s e n s i t i v e  f u n c t i o n  of t e m p e r a t u r e ,  w i t h  t h e  r e s u l t  t h a t ,  i f  
hydrogen gas  responded i n s t a n t a n e o u s l y  t o  d i u r n a l  e x o s p h e r i c  t empera tu re  
v a r i a t i o n s ,  a  day-night  asymmetry a s  h igh  a s  20 i n  t h e  c o n c e n t r a t i o n  
of hydrogen might be  expec ted .  S t u d i e s  d u r i n g  tile l a s t  few y e a r s  have 
shown, however, t h a t  l a t e r a l  f low of hydrogen g a s  i n  t h e  exosphere  
w i l l  cause  a  c o n s i d e r a b l e  r e d u c t i o n  i n  t h e  magnitude of t h i s  asymmetry, 
a  r a t i o  of t h e  o r d e r  of 2  be ing  much more l i k e l y .  
R e s u l t s  have been p r e s e n t e d  a t  t h e  IAGA Symposium i n  Madrid,  
S p a i n ,  and p u b l i s h e d  i n  Rev. Geophys., 8, 461, 1970. 
(b )  M e t a s t a b l e  hel ium 
A t h e o r e t i c a l  i n v e s t i g a t i o n  of t h e  d i s t r i b u t i o n  and r a t e  of 
e x c i t a t i o n  of m e t a s t a b l e  hel ium i n  t h e  atmosphere h a s  con t inued .  The 
work was done i n  c o n j u n c t i o n  w i t h  an  o b s e r v a t i o n a l  program and makes 
u s e  of t h e  powerful  t e c h n i q u e  of model b u i l d i n g  t o  i n t e r p r e t  exper imenta l  
d a t a .  The o b s e r v a t i o n a l  d a t a  t a k e n  a t  Sorocco,  New Ilexico,  show an  
i n t e n s i t y  i n c r e a s e  of a f a c t o r  of 3 d u r i n g  t h e  p e r i o d  1967-1970 t h a t  
i s  c l o s e l y  r e l a t e d  t o  cor responding  change i n  t h e  s o l a r  EUV r a d i a t i o n  
(X<380°A). There  i s  a l a r g e  s e a s o n a l  v a r i a t i o n  caused i n  p a r t  by a 
5 : l  v a r i a t i o n  i n  t h e  n e u t r a l  hel ium abundance and augmented by s e a s o n a l  
v a r i a t i o n  i n  t h e  c o n j u g a t e  p h o t o e l e c t r o n  f l u x .  I n  a d d i t i o n ,  a  d i u r n a l  
v a r i a t i o n  of t h e  he l ium abundance of about  30% w i t h  a  maximum i n  t h e  
morning a p p e a r s  t o  b e  p r e s e n t .  
A paper  g i v i n g  a d e t a i l e d  d e s c r i p t i o n  of t h e  work is t o  appear  
i n  t h e  J o u r n a l  of Geophysical  Research ( C h r i s t e n s e n ,  e t  a l .  1971) .  
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(c )  The n e u t r a l  e x o s p h e r i c  t empera tu re  d i s t r i b u t i o n  a t  low 
l a t i t u d e s  
Based on i n c o h e r e n t  s c a t t e r  d a t a  o b t a i n e d  a t  t h e  J i c a m a r c a  
Radar Observa to ry ,  i t  h a s  been i n f e r r e d  t h a t  a t  12's t h e  midn igh t  
n e u t r a l  t empera tu re  i s  approximately  14% warmer i n  summer t h a n  i n  
w i n t e r .  Th i s  i s  a  much l a r g e r  s e a s o n a l  v a r i a t i o n  t h a n  t h a t  expec ted  
based on model n e u t r a l  a tmospheres .  Both may of course  be  c o r r e c t ,  a s  
t h e  model atmospheres i n d i c a t e  t h e  average  d i s t r i b u t i o n  of t h e  n e u t r a l  
d e n s i t y .  
The phase of t h e  s e a s o n a l  v a r i a t i o n  a g r e e s  w i t h  t h a t  e x p e c t e d  
on t h e  b a s i s  of t h e  s u g g e s t i o n  of Johnson (1964) t h a t  t h e  semi-annual 
v a r i a t i o n s  i n  t h e  n e u t r a l  t empera tu re  may b e  caused by changes  i n  t h e  
g l o b a l  c i r c u l a t i o n .  The N-S t e m p e r a t u r e  g r a d i e n t  a c r o s s  t h e  e q u a t o r ,  
and hence presumably t h e  c i r c u l a t i o n  c u r r e n t s ,  r e a c h  a  maximum i n  
January  and J u l y ,  t h e  months of t h e  minima i n  t h e  semi-annual tempera- 
t u r e  v a r i a t i o n .  
The r a d a r  d a t a  i n d i c a t e  t h a t  i o n  and n e u t r a l  t e m p e r a t u r e s  
a r e  c l o s e l y  coupled up t o  a t  l e a s t  500 km n e a r  t h e  geomagnetic e q u a t o r .  
Thus i o n  t empera tu res  measured by s u i t a b l e  s a t e l l i t e s  shou ld  r e f l e c t  
t h e  t empera tu re  v a l u e s  and t e m p e r a t u r e  g r a d i e n t s  p r e d i c t e d  from t h e  
r a d a r  d a t a .  P r e l i m i n a r y  d a t a  from t h e  r e t a r d i n g  p o t e n t i a l  a n a l y s e r  
on OGO 6 (Hanson e t  a l . ,  1970) seem t o  b e  c o n s i s t e n t  i n  b o t h  
and g r a d i e n t  w i t h  t h e  J i camarca  d a t a .  Thus i t  may be  p o s s i b l e  t o  
map many f e a t u r e s  of t h e  n e u t r a l  t e m p e r a t u r e  d i s t r i b u t i o n  from d i r e c t  
s a t e l l i t e  measurements. 
The OGO 4 s a t e l l i t e  c a r r i e d  a n  i n s t r u m e n t  s i m i l a r  t o  b u t  n o t  
i d e n t i c a l  w i t h  t h e  OGO 6 i n s t r u m e n t  mentioned above (Chandra e t  a l . ,  
1970) .  The OGO 4  i o n  t empera tu res  do n o t  a g r e e  w i t h  t h e  r a d a r  tempera- 
t u r e s  a s  c l o s e l y  a s  t h e  OGO 6 v a l u e s  do.  The OGO 4  t empera tu res  were 
sometimes more t h a n  40% h i g h e r  t h a n  t h o s e  i n f e r r e d  from t h e  r a d a r  d a t a .  
T h i s  work has  been r e p o r t e d  i n  a  paper  submi t t ed  t o  t h e  J o u r n a l  of 
Geophysical  Research (McClure, 1970) .  
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3.  I o n o s p h e r i c  S t r u c t u r e  
J .  E.  Midgley 
( a )  P h o t o e l e c t r o n  induced p o t e n t i a l  d i s c o n t i n u i t i e s  
I n  a l l  t h e  c a l c u l a t i o n s  made t o  d a t e  of t h e  escape  of t h e  p o l a r  
ionosphere ,  t h e  plasma approximat ion (n = n ) and t h e  e q u a t i o n  of i e 
hydrodynamics have been assumed t o  b e  a p p l i c a b l e  everywhere.  The 
e x i s t e n c e  of p h o t o e l e c t r o n s  h a s  been acknowledged a s  c o n t r i b u t i n g  t o  
an  i n c r e a s e  i n  t h e  escape  f l u x ,  b q t  i t  h a s  always been assumed t h a t  t h e i r  
e f f e c t  could  be  p r o p e r l y  t a k e n  i n t o  account  s imply by i n c r e a s i n g  t h e  
e f f e c t i v e  t empera tu re  of t h e  e l e c t r o n s ,  A c t u a l l y  t h e  e l e c t r o n s  a r e  n o t  
a l l  r e l a x e d  t o  some e f f e c t i v e  t empera tu re ,  b u t  r a t h e r  t h e  s i t u a t i o n  is  
more a c c u r a t e l y  r e p r e s e n t e d  by assuming them t o  b e  a s u p e r p o s i t i o n  
of a l a r g e  number of the rmal  e l e c t r o n s  a t  one t e m p e r a t u r e  and a  s m a l l e r  
number of p h o t o e l e c t r o n s  a t  some much h i g h e r  t empera tu re .  
I f  one a t t e m p t s  t o  s o l v e  t h e  hydrodynamic expansion problem 
f o r  t h e s e  t h r e e  s p e c i e s  (one t y p e  of i o n  and two t y p e s  of e l e c t r o n s )  
i t  t u r n s  o u t  t h a t  f o r  c e r t a i n  ranges  of t h e  pa ramete rs  t h e  s o l u t i o n  
a t  some a l t i t u d e  becomes mul t i -va lued ,  i n d i c a t i n g  t h a t  i t  i s  p h y s i c a l l y  
i m p o s s i b l e  t o  c o n t i n u e  t h e  s o l u t i o n  beyond t h a t  p o i n t .  Whenever such  
a  c o n d i t i o n  o c c u r s  i n  t h e  s o l u t i o n  of a  d i f f e r e n t i a l  e q u a t i o n  r e p r e -  
s e n t i n g  a  p h y s i c a l  sys tem,  i t  u s u a l l y  i n d i c a t e s  t h a t  t h e r e  w i l l  be  
some s o r t  of a  d i s c o n t i n u i t y  i n  t h e  p h y s i c a l  sys tem and t h a t  some 
approximat ion which h o l d s  i n  g e n e r a l  o u t s i d e  t h e  d i s c o n t i n u i t y  w i l l  
b reak  down, a l lowing  a  r a p i d  t r a n s i t i o n  t o  a  new set of v a r i a b l e s  
from which t h e  o r i g i n a l  t y p e  of s o l u t i o n  can b e  con t inued .  For i n s t a n c e ,  
i n  a  s u p e r s o n i c  a d i a b a t i c  g a s  dynamic f low,  e n t r o p y  i s  conserved i n  
g e n e r a l .  I f ,  however, an  o b s t a c l e  i s  encounte red  o r  f o r  some o t h e r  
r e a s o n  i s e n t r o p i c  f low cannot  be  c o n t i n u e d ,  a  shock is  formed and a l l  
t h e  e n t r o p y  g e n e r a t i o n  o c c u r s  i n  t h i s  t h i n  d i s c o n t i n u i t y .  On t h e  o t h e r  
s i d e  of t h e  d i s c o n t i n u i t y  i s e n t r o p i c  f low resumes.  
I n  t h e  problem under  c o n s i d e r a t i o n ,  an e l e c t r i c  p o t e n t i a l  
d i s c o n t i n u i t y  i s  formed i n  t h e  f low and t h e  approximat ion which i s  
v i o l a t e d  w i t h i n  t h e  d i s c o n t i n u i t y  i s  t h e  plasma approximat ion (ni  = n e ) .  
2 Th is  r e q u i r e s  a  d e t a i l e d  s o l u t i o n  of P o i s s o n ' s  e q u a t i o n  ( V  4 = E e ( n  - n . ) )  
o  e l  
through t h e  d i s c o n t i n u i t y  t o  de te rmine  p e r m i s s i b l e  i n p u t  pa ramete rs  and 
t h e  r e s u l t a n t  o u t p u t  pa ramete rs .  F o r t u n a t e l y ,  under t h e  approx imat ion  
t h a t  t h e  e l e c t r o n s  a r e  m a s s l e s s  and t h e  i o n s  a r e  c o l d ,  P o i s s o n ' s  
e q u a t i o n  can b e  i n t e g r a t e d  e x a c t l y  through t h e  d i s c o n t i n u i t y  and an  
i m p l i c i t  a l g e b r a i c  r e l a t i o n  o b t a i n e d  f o r  t h e  p e r m i t t e d  r a t i o  of 
p h o t o e l e c t r o n s  t o  the rmal  e l e c t r o n s  f o r  a  g i v e n  i o n  k i n e t i c  energy .  
For each such p e r m i t t e d  combinat ion of pa ramete rs  a  d e f i n i t e  p o t e n t i a l  
jump A$ occurs  and t h e  hydrodynamic s o l u t i o n  can b e  con t inued  from t h a t  
p o i n t .  
Numerical  work is now under way t o  d e f i n e  t h e  r a n g e s  and r e l a t i o n -  
s h i p s  f o r  a l l  t h e  s i g n i f i c a n t  p a r a m e t e r s .  
W. B.  Hanson 
(b) Molecu la r  i o n s  and t h e  nightglow 
The t e c h n i q u e  p r e v i o u s l y  developed f o r  s t u d y i n g  F-2 r e g i o n  
morphology (Hanson and i i o f f e t t ,  1966; S t e r l i n g  -- e t  a l . ,  1969) h a s  been 
extended t o  t h e  n i g h t t i m e  F-1 l a y e r  by i n c l u d i n g  q u a n t i t a t i v e l y  t h e  
+ + 
chemis t ry  and dynamics of t h e  convers ion  of 0' t o  O2 and NO a t  t h e  
bottom of  t h e  F-2 l a y e r  (Brasher  and Hanson, 1970) .  
A numer ica l  t echn ique  i s  employed i n  s o l v i n g  t h e  coup led ,  non- 
+ l i n e a r  sys tem of  e q u a t i o n s  f o r  t h e  0  , NO', and 0' number d e n s i t i e s  i n  2  
t h e  n i g h t t i m e  F-region,  i n c l u d i n g  t h e  e f f e c t s  of d i f f u s i o n ,  E x  B d r i f t ,  
and n e u t r a l  a i r  mot ions .  A " b e s t  f i t "  t o  t h e  " sunse t "  and "midnight" 
r o c k e t  o b s e r v a t i o n s  of t h e  i o n  p r o f i l e s  o b t a i n e d  by Holmes -- e t  a l .  a t  
White Sands ,  New Mexico, i s  achieved by i t e r a t i v e l y  va ry ing  t h e  n e u t r a l  
wind, t h e  e lec t rodynamic  d r i f t ,  t h e  n e u t r a l  a tomic n i t r o g e n  and n i t r i c  
oxide concentra-llons, and the ion-atom interchange and dissociative 
recombina t ion  r a t e  c o e f f i c i e n t s .  The " b e s t  f i t "  r e s u l t s  f o r  b o t h  s e t s  
- 1 
of p r o f i l e s  a r e  ach ieved  w i t h  t h e  r a t e  c o e f f i c i e n t s  (em3 s e c  ) at 
-12 300°K g i v e n  by YN = 1.1 x 1 0  Yo2 = 2.0 .NO+ = 3.5  l o m 7 ,  2  
and a0: = 3 . 1  x w i t h  an  assumed i n v e r s e  t empera tu re  dependence 
of a l l  t h e  r a t e  c o e f f i c i e n t s  and f o r  an assumed J a c h h i a  model a tmosphere .  
I n  a d d i t i o n ,  t h e  " sunse t "  b e s t  f i t  s o l u t i o n s  r e q u i r e  t h a t  t h e  minor 
7 -3 
n e u t r a l  c o n c e n t r a t i o n s  a t  200 km b e  [N]  = 1 x 10 cm and [NO] = 
5 -3 3  x 1 0  cm and t h a t  t h e  n e t  v e r t i c a l  plasma t r a n s p o r t ,  WZ, due t o  
- 
E x B d r i f t  and a n e u t r a l  wind b e  downward w i t h  a speed of 9 m s e c - l .  
6 -3 The midn igh t  b e s t  f i t  s o l u t i o n s  a r e  ach ieved  w i t h  [N(200 km)] = 2 x 10 cm , 
4 -3 -1 [N0(200 km)] = 6 x 10 cm , and WZ = 1 0  m s e c  upward. 
0 
The 6300 A n igh tg low morphology i n  t h e  i n t e r - t r o p i c a l  r e g i o n  
i s  computed d i r e c t l y  from t h e  i o n  c o n c e n t r a t i o n s  c a l c u l a t e d  f o r  assumed 
d r i f t  and n e u t r a l  wind models r e p r e s e n t a t i v e  of e q u i n o c t a l ,  sunspo t  
minimum c o n d i t i o n s .  I s o p h o t e  c o n t o u r s  of z e n i t h  i n t e n s i t y  a r e  p r e s e n t e d  
t o  i l l u s t r a t e  t h e  n igh tg low morphology a s s o c i a t e d  w i t h  t h e  decay of t h e  
Appleton anomaly. C a l c u l a t e d  r e s u l t s  a r e  compared w i t h  t h e  o b s e r v a t i o n s  
of B a r b i e r  t o  demons t ra te  t h e  i n f l u e n c e  of e lec t rodynamic  d r i f t  p e r t u r -  
b a t i o n s  on t h e  morphology of n igh tg low enhancements. The r e s u l t s  show 
t h a t  t h e  e lec t rodynamic  d r i f t s  r e q u i r e d  t o  produce t h e  observed enhance- 
ments a r e  c o n s i s t e n t  w i t h  t h e  d r i f t s  observed a t  J icamarca .  
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( c )  T r o p i c a l  u l t r a v i o l e t  n igh tg low 
Recen t ly ,  Knudsen (1970) sugges ted  t h a t  t h e  recombinat ion of 
p o s i t i v e  and n e g a t i v e  a tomic oxygen i o n s  might  e x p l a i n  t h e  t r o p i c a l  
u l t r a v i o l e t  n igh tg low observed i n  OGO 4 .  T h i s  s u g g e s t i o n  h a s  been 
i n i t i a l l y  examined and q u a n t i t a t i v e l y  compared (Hanson, 1970) w i t h  
t h e  p r e v i o u s  s u g g e s t i o n  by Hanson (1969) t h a t  t h e  nightglow a r i s e s  from 
+ 
r a d i a t i v e  recombinat ion of 0  i o n s .  It was demonstra ted t h a t  u n l e s s  
our  knowledge o f  t h e  a p p r o p r i a t e  r a t e  c o e f f i c i e n t s  i s  s e r i o u s l y  i n  e r r o r  
t h e  ion- ion recombina t ion  scheme must p l a y  a  s u b s i d i a r y  r o l e  a s  a  s o u r c e  
o f  t h i s  r a d i a t i o n .  A t  t h i s  t ime  i t  is  n o t  c l e a r  whether e i t h e r  mechanism 
i s  adequa te  t o  produce t h e  observed r a d i a t i o n  i n t e n s i t y ,  though b o t h  
must s u r e l y  c o n t r i b u t e .  
D r .  T i n s l e y  i s  i n  B r a z i l  a t  t h e  t ime of t h i s  w r i t i n g  t o  make 
ground o b s e r v a t i o n s  of  v i s i b l e  r a d i a t i o n s  t o  be expected from t h e  
d i f f e r e n t  mechanisms t o  p r o v i d e  f u r t h e r  c o n s t r a i n t s  on the h y p o t h e s i s ,  
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(d) Meteor ic  i o n s  i n  t h e  F2 r e g i o n  
The i o n  t r a p  on OGO 6 h a s  r e v e a l e d  t h e  p r e s e n c e  of i o n s  o f  mass 
56 - + 2 AMU a t  a l t i t u d e s  above 400 km (Hanson and S a n a t a n i ,  1970) .  These 
a u t h o r s  sugges ted  t h a t  t h e  i o n s  were ~ e +  and were probably  t r a n s p o r t e d  
t o  g r e a t  h e i g h t s  by t h e  upward E x B d r i f t  n e a r  t h e  e q u a t o r  i n  t h e  day- 
t ime .  
We have now c a r r i e d  o u t  q u a n t i t a t i v e  c a l c u l a t i o n s  t h a t  show i n  
d e t a i l  how t h i s  dynamical  p r o c e s s  would behave,  g iven  an a r b i t r a r y  
s o u r c e  of ~ e '  i o n s  a t  150 km. D i f f e r e n t  s o u r c e  i n t e n s i t y  and d i s t r i b u -  
t i o n s  were adopted and t h e  c a l c u l a t i o n s  were  c a r r i e d  ou t  f o r  d i f f e r e n t  
e l e c t r i c  f i e l d s ,  a l l  i n  t h e  range  o f  o b s e r v a t i o n ,  and f o r  d i f f e r e n t  
i o n  masses s i n c e  s i l i c o n  i o n s  might a l s o  be expected t o  b e  p r e s e n t .  
The f o l l o w i n g  c o n c l u s i o n s  were reached .  (The r e s u l t s  were p r e s e n t e d  
a t  t h e  1970 Boulder E l e c t r i c  F i e l d s  Conference. )  
1 )  The phenomenon i s  p r i n c i p a l l y  an e q u a t o r i a l  one,  
2)  The d i s t r i b u t i o n  of t h e  m e t e o r i c  i o n s  i s  r e l a t i v e l y  
i n s e n s i t i v e  t o  t h e  s o u r c e  c o n f i g u r a t i o n .  
3 )  Observed v e r t i c a l  i o n i z a t i o n  d r i f t s  a t  t h e  e q u a t o r  a r e  
q u i t e  adequa te  t o  c a r r y  t h e  m e t e o r i c  i o n s  t o  a l t i t u d e s  
w e l l  above 400 km. 
4)  There  i s  a  tendency f o r  t h e  i o n s  t o  d i f f u s e  down f i e l d  
l i n e s  away from t h e  e q u a t o r ,  b u t  p robab ly  n o t  t o  l a t i t u d e s  
much g r e a t e r  t h a n  15 d e g r e e s .  
A s t a t i s t i c a l  a n a l y s i s  of more OGO t r a p  d a t a  i s  now be ing  made 
which r e v e a l s  t h a t  t h e  e f f e c t  i s  indeed conf ined  t o  t h e  n e a r  e q u a t o r i a l  
r e g i o n .  Th is  a n a l y s i s  w i l l  be  pursued t o  s e e  what can b e  i n f e r r e d  
about  t h e  dependence on magnet ic  a c t i v i t y  and whether any c l u e s  a s  t o  
t h e  p h y s i c a l  s o u r c e  of t h e  m e t e o r i c  i o n s  can b e  o b t a i n e d .  
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( e )  l l inor  i o n  d i s t r i b u t i o n s  a t  t h e  magnet ic  e q u a t o r  
A J a v e l i n  r o c k e t  was used t o  measure t h e  i o n  d i s t r i b u t i o n  above 
t h e  magnet ic  e q u a t o r  a t  N a t a l ,  B r a z i l ,  i n  June  1969. Because of t h e  
s u p p r e s s i o n  of v e r t i c a l  plasma d i f f u s i o n  a t  t h e  e q u a t o r ,  t h e  i o n  d i s t r i -  
b u t i o n s  a r e  determined p r i m a r i l y  by photochemist ry  and E x d r i f t s .  
These d a t a  a r e  be ing  analyzed and a  companion e f f o r t  of i n t e r p r e t i n g  
t h e  d a t a  by t r e a t i n g  t h e  photochemist ry  i n  t h e  E x % d r i f t  frame of 
r e f e r e n c e  i s  b e i n g  pursued w i t h  t h e  h e l p  of R. J .  M o f f e t t .  
Good agreement between t h e  t o t a l  i o n  c o n c e n t r a t i o n  o b t a i n e d  
from a n  i o n  t r a p  and from t h e  mass s p e c t r o m e t e r  can on ly  b e  o b t a i n e d  
by making a p p r o p r i a t e  r o c k e t  v e l o c i t y  c o r r e c t i o n s  t o  t h e  mass 
s p e c t r o m e t e r  c o l l e c t i o n  e f f i c i e n c y .  
The observed ambient i o n s  i n c l u d e d  H', D+, He', o", N ,  0+, 
+ + C + N2 , No , and 02 .  I n  a d d i t i o n ,  t h e  i o n  H was observed n e a r  200 km 2  
b u t  i t  i s  n o t  now known whether  t h i s  w a s  a  contaminant  i o n .  Because 
of t h e  poor  vacuum pumping f a c i l i t i e s  a v a i l a b l e  a t  t h e  b a s e ,  many more 
contaminant  i o n s  were observed t h a n  u s u a l .  
+ + - I +  Only t h e  i o n s  H , He , 0  , N', and 0' a r e  p r e s e n t l y  b e i n g  
i n c l u d e d  i n  t h e  c a l c u l a t i o n s ,  b u t  t h e  molecu la r  i o n s  w i l l  b e  t r e a t e d  
e v e n t u a l l y  a f t e r  m o d i f i c a t i o n s  i n  t h e  program are made. Q u i t e  
r e a s o n a b l e  f i t s  f o r  t h e  H', ~e ' ,  and 9' i o n s  a r e  r e a d i l y  o b t a i n e d  
C  
w i t h  customary p a r a m e t e r s ,  b u t  N and O* appear  t o  r e q u i r e  unor thodox 
p r o c e s s e s  on c r o s s - s e c t i o n s  t o  f i t  t h e  o b s e r v a t i o n s .  T h i s  work i s  
s t i l l  i n  p r o g r e s s .  
D .  L.  S t e r l i n g  
W.  B .  Hanson 
R. J .  M o f f e t t  
( f )  E q u a t o r i a l  F-region morphology 
The t ime-varying c o n t i n u i t y  e q u a t i o n  f o r  e l e c t r o n s  is  s o l v e d  
f o r  t h e  F-region of t h e  ionosphere  a t  Low l a t i t u d e s .  The c o n t i n u i t y  
e q u a t i o n  i n c l u d e s  a l l  t h e  p e r t i n e n t  F-region p r o c e s s e s ,  sucll a s  
e lec t rodynamic  d r i k t ,  n e u t r a l  wind i n t e r a c t i o n ,  p h o t o - i o n i z a t i o n ,  
ambipolar  d i f f u s i o n ,  and recombinat ion.  
The t e c h n i q u e  of s o l u t i o n  is  d i s c u s s e d  i n  S t e r l i n g  e t  a l . ,  
-- 
1969.  P r e s e n t  work i n v o l v e s  t h e  u s e  i n  t h e  model of a c t u a l  E x B 
- - 
d r i f t  measurements a t  J i c a m a r c a ,  Peru .  B e t t e r  agreement between 
t h e  model and o b s e r v a t i o n s  i s  expec ted .  
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W. B .  Hanson 
(g)  E q u a t o r i a l  F-region s o l a r  e c l i p s e  
The e f f e c t s  of a  t o t a l  s o l a r  e c l i p s e  on t h e  e q u a t o r i a l  F2- 
l a y e r  f o r  s u n s p o t  minimum c o n d i t i o n s  have been s t u d i e d  by o b t a i n i n g  
t r a n s i e n t  s o l u t i o n s  of t h e  t ime-varying c o n t i n u i t y  e q u a t i o n .  The 
p u b l i s h e d  r e s u l t s  ( S t e r l i n g  and Hanson, 1970) show t h a t  t h e  e q u a t o r i a l  
e c l i p s e  F1.5 l a y e r  (on ionograms i t  appears  a s  a  cusp between f ,F1 
and f ,F2) can b e  exp la ined  i n  terms of e lec t rodynamic  d r i f t .  Th$s 
l a y e r  i s  very  prominent a t  t h e  magnet ic  e q u a t o r  d u r i n g  a  s o l a r  e c l i p s e ,  
and i t  has  been a t t r i b u t e d  by o t h e r s  t o  t h e  i n c r e a s e d  recovery  t ime 
of t h e  ionosphere  w i t h  h e i g h t .  The t e c h n i q u e  used by i o n o s p h e r i c  
workers f o r  deducing t h e  daytime e l e c t r o n  p r o d u c t i o n  r a t e  q  and t h e  
l o s s  c o e f f i c i e n t  0 from e q u a t o r i a l  e c l i p s e  d a t a  was e v a l u a t e d .  It was 
found t h a t  t h e  deduced v a l u e s  of f3 cou ld  b e  s e r i o u s l y  i n  e r r o r  i f  
vertical drift is not included in the calculations, 
P r e s e n t  t.rork- involves exte~tding the caLcirlations to s tmspot  
maxirnun~ conditions. Measurements of v e r t i c a l  d r i f t  a t  elicamarca 
d u r i n g  the I L  September 1969 solar eclipse are being used. The 
model concentrations are being compared with the observed concen- 
trations, Also, comparisons will be made with the Danger Island 
eclipse of 12 October 1958. A better understanding of the importance 
of transport of ionization versus photochemical changes is expected. 
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4, Atmospheric Chemistry and Reaction Kinetics 
C. B, Collins 
M. J, Shaw 
The Atmospheric Chemistry Group has been engaged in a continuing 
program to gain an increased knowledge of the mechanisms effective in 
ion-electron recombination in order to malce possible the confident 
extrapolation of laboratory measurements to extra-laboratory environments. 
Work during the past year has centered around the successful development 
of a model-independent technique for the measurement of the rate coefficient 
for three-body ion-electron recombination. 
Helium was chosen as a vehicle for this research, because it 
is a relatively simple inert gas and more experimental data on afterglow 
procebses  is available for it cbaan any orEzer gas ,  The experiment i s  being 
conducted in t h e  UT Da15at: 21zlEsed zffcrglew system d e c c r l b e d  in Lhe 
l i t e r a t u r e  ( C o l l i n s  and H u r t ,  L968), T h e  pa ramete rs  being measu red  
-I- 4- 
a r e  t h e  l i f e t i m e s  of t h e  e l e c t r o n ,  He and He densities, and t h e  
2 
r a d i a t i o n  from t h e  e x c i t e d  s t a t e s  of He and He r e s u l t i n g  from 2 
recombinat ion.  These q u a n t i t i e s  are measured w i t h  a microwave 
i n t e r f e r o m e t e r ,  d i f f e r e n t i a l l y  pumped mass s p e c t r o m e t e r ,  and tandem 
monochromator, r e s p e c t i v e l y .  The d a t a  from t h e s e  i n s t r u m e n t s  is 
ana lyzed  w i t h  a h i g h l y  s o p h i s t i c a t e d  d a t a  a c q u i s i t i o n  sys tem ( C o l l i n s  
and B u r t ,  1969) ,  t h e  c o r e  of which i s  a n  o n - l i n e ,  p r o g r m ~ ~ a b l e  computer,  
Th i s  d a t a  a c q u i s i t i o n  sys tem e n a b l e s  weak s i g n a l  r ecovery  f a r  i n  e x c e s s  
of t h a t  a v a i l a b l e  i n  p r e v i o u s  a f t e r g l o w  s t u d i e s .  
Recombination r a t e s  a r e  be ing  determined by a n a l y z i n g  t h e  
a b s o l u t e  i n t e n s i t y  of r a d i a t i o n  from a p p r o p r i a t e  s e r i e s  of e x c i t e d  
l e v e l s  of n e u t r a l  h e l i m  t o  d e t e r n i n e  t h e  n e t  r a t e  a t  which n e u t r a l  
h e l i m  i s  be ing  produced a t  a g iven  t i m e  i n  t h e  a f t e r g l o w  c y c l e .  T h i s  
r a t e  d i v i d e d  by t h e  p roduc t  of t h e  measured e l e c t r o n  and h e l i m  a tomic  
i o n  d e n s i t i e s  a t  t h e  same a f t e r g l o w  time y i e l d s  t h e  recombinat ion 
c o e f f i c i e n t  f o r  a  p a r t i c u l a r  v a l u e  of e l e c t r o n  d e n s i t y ,  S i n c e  each 
of t h e s e  q u a n t i t i e s  i s  b e i n g  measured throughout  t h e  a f t e r g l o w ,  t h e  
recombinat ion c o e f f i c i e n t  of he l i e~m atomic i o n s  can be determined a s  
a  f u n c t i o n  of e l e c t r o n  d e n s i t y ,  T h i s  procedure  is  f e a s i b l e  p r i m a r i l y  
because  r a d i a t i v e  d e - e x c i t a t i o n  dominates  s u f f i c r e n t l y  over c o l l i s i o n a l  
d e - e x c i t a t i o n  f o r  t h e  lower e x c i t e d  Levels of neu t ra l  helium, Indeed, 
an estirila~e of the l j r r o ~  02 t i l e  exyerimei_ntal reeoaxbinat iu~t  coeff_ic.ients 
can be made by eomp&rrlag c;he caJ c~i ia~r. ,c i   c j l d  la~oarilri. ~ z a ~ a  1-4d.ia~ I.\,** 
$c- excitation cares o u t  (71 these Loi,~cir levels. C a u e f u  i ana lys i - s  of  
1 
t he  c o ~ ~ t r x b u r  i011 c-ii t h e  resonance iqe~eeis t o  tire netrlrecorncl~ slat i on 
raLe w i l l .  be  made by a p p l y i n g  the t h e o r e t i c a l  credtmen't of H o l s t e i n  
(1947) on t r a p p e d  r a d i a t i o n  t o  t h e  a p p r o p r i a t e  a f t e r g l o w  c e l l  geometry.  
Th is  p rocedure  f o r  de te rmin ing  recombinat ion c o e f f i c i e n t s  has  
t h e  d i s t i n c t  advantage over  o t h e r  methods (Born, 1968) i n  t h a t  i t  
does n o t  r e q u i r e  t h e  l o s s  of charged p a r t i c l e s  t o  be  dominated by 
recombinat ion.  I n  any a f t e r g l o w  exper iment  t h e r e  w i l l  b e  p r o c e s s e s  
such a s  d i f f u s i o n  and e l e c t r o n  detachment t h a t  compete w i t h  recombina t ion  
i n  de te rmin ing  t h e  n e t  l o s s  r a t e  of i o n s  and e l e c t r o n s  i n  t h e  a f t e r g l o w .  
I n  hel ium,  a t t achment  p r o c e s s e s  a r e  n e g l i g i b l e  and t h e  e f f e c t  of 
d i f f u s i o n  can be  reduced by i n c r e a s i n g  t h e  a f t e r g l o w  c e l l  d imens ions ,  
However, d i f f u s i o n  w i l l  a lways become impor tan t  a t  s u f f i c i e n t l y  l a t e  
t imes  and i n  t h e  c a s e  of hel ium t h e r e  a r e  impor tan t  s o u r c e s  of i o n s  
and e l e c t r o n s  i n  t h e  a f t e r g l o w  a s  a r e s u l t  of r e a c t i o n s  between p a i r s  
of m e t a s t a b l e  atoms and m e t a s t a b l e  molecu les  ( C o l l i n s  and H u r t ,  1369 ) ,  
The recombinat ion c o e f f i c i e n t s  o b t a i n e d  from t h e  n e t  r a d i a t i o n  l o s s e s  
of s e l e c t e d  a tomic l e v e l s  a r e  n o t  a f f e c t e d  by t h e  p resence  of any 
p r o d u c t i o n  o r  competing l o s s  mechanisms of i o n s  and e l e c t r o n s .  
To d a t e  d e f i n i t i v e  medsureliients of t h e  recombinat ion r a t e  
c o e f f i c i e n t  f o r  %ei and He: have been made f o r  a  n e u t r a l  g a s  p r e s s u r e  
of 4 4 . 6  T o r r ,  These r e s u l t s ,  r e c e n t l y  pub l i shed  ( C o l l i n s ,  Hicks ,  and 
Wells) and preser l ted  i i i  F igure  I r e p r e s e n t  t h e  only  direct ineasurerilenir, 
o i  instantaneous, sp'ii i a i L y  l o e ~ l l t e c i  v d u e s  u f  recoinbi~ralioii  r a t e  
~oerf x ,lent. L i i  i r i d  L L I  g u i e ,  nredsurkiuesrts dre m l l ~ w ~ ~  db ceclangles 
4- 
Fig, I Graph of rate caefficielats io: t h e  re,omi;inar-ipn 01 hel?. ir-i~as c ~ l ~ h  e l e ~ ~ r c r ~ s  aa a con- 
t i nuous  *funct ion  of e l e c t r o n  d e n s i t y  a t  a n e u t r a l  he l ium p r e s s u r e  of 44-6  T o r r ,  The s c a l e d  
v a l u e s  r e s u l t i n g  from t h i s  work a r e  shown a s  r e c t a n g l e s  bounded by t h e  accumulated s t a t i s t i c a l  
e r r o r s  of measurement and i n c l u d i n g  t h e  average  v a l u e s  w i t h i n  each ,  For comparison t h e  r e s u l t s  
i n t e r p o l a t e d  f o r  t h e  same n e u t r a l  ga s  p r e s s u r e  from t h e  ~neasurernents of t h e  Sac l ay  group (Ref, 7 )  
a r e  p l o t t e d  w i t h o u t  s ~ a c i s c i c a l  e r r o r  ( s o l i d  c u r v e ) ,  t o g e t h e r  w l t h  t h e  p r e d i c t i o n s  of t heo ry  
(dashed cu rve ) .  
bounded by the accumulated s t a t i s t i c a l  errors of measurement a n d  
include t h e  average  v a l u e  w i t h i n  e a c h ,  For comparison,  t h e  resuLCs 
i n t e r p o l a t e d  from t h e  model-dependent measurements of t h e  SACLAY 
group a r e  p l o t t e d  ( s o l i d  curve)  t o g e t h e r  w i t h  t h e  p r e d i c t i o n s  of 
t h e o r y  (dashed c u r v e ) .  
Cons iderab le  disagreement  w i t h  t h e o r y  can b e  s e e n  and i n d i c a -  
t i o n s  a r e  t h a t  c o l l i s i o n s  of t h e  i o n - e l e c t r o n  system w i t h  n e u t r a l  
p a r t i c l e s  p r o v i d e  a  much s t r o n g e r  s t a b i l i z i n g  e f f e c t  t h a n  a n t i c i p a t e d  
by t h e o r y .  
Measurements i n  p r o g r e s s  a t  1 . 6  Tor r  shou ld  c o n t r i b u t e  
m a t e r i a l l y  t o  our  unders tand ing  of t h e  p r o c e s s e s .  U l t i m a t e l y  t h e  
r a t e  of r ecombina t ion  w i l l  b e  measured over  a  range  of p r e s s u r e ,  b u t  
s i n c e  each r e q u i r e s  of t h e  o r d e r  of 10' d i s c r e t e ,  d i g i t a l  measurements,  
p r o g r e s s  i s  n e c e s s a r i l y  s low.  
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5. Numerical Mathemat ical  Techniques 
T .  N .  L .  P a t t e r s o n  
Work on numer ica l  q u a d r a t u r e  h a s  focussed  p r i n c i p a l l y  on t h e  
t h e o r y  u n d e r l y i n g  t h e  new i n t e g r a t i o n  r u l e s  which have r e c e n t l y  been 
developed ( P a t t e r s o n ,  1 9 6 8 ) -  Of g r e a t e s t  concern  i s  t h e  questi-on o f  
t h e  g e n e r a l  e x i s t e n c e  of t h e  r u l e s  f o r  v a r i o u s  t y p e s  of weight  f u n c t i o n s .  
A summary of t h e  p r e s e n t  s t a t e  of knowledge on r u l e  e x t e n s i o n  i s  
(1) Gauss ,  Loba t to  and Gauss-Jacobi  fo rmulae  w i t h  weight  
f u n c t i o n  (1-x2)' h >  - 1 / 2  can always b e  extended once.  
( 2 )  Gauss Lagnerre  2 p o i n t  f o m u l a  cannot  b e  ex tended ,  
( 3 )  Gauss Hermite 2 p o i n t  f o m u l a  can b e  extended only once.  
( 4 )  Gauss 2  p o i n t  f o m u l a  can be  extended f o u r  t imes  o n l y .  
(5) Gauss 3 p o i n t  formula  can b e  extended a t  l e a s t  six t i m e s .  
(6 )  Gauss 4 and 5 p o i n t  fo rmulae  can b e  extended a t  l e a s t  
f i v e  t i m e s ,  
With t h e  e x c e p t i o n  of (1) which i s  an  a n a l y t i c a l  r e s u l t ,  a l l  r e s u l t s  
are  e x p e r i m e n t a l ,  For f u r t h e r  p r o g r e s s  i n  deve lop ing  new r u l e s  t h e  
eomyutationaL schemes w i l l  need considerable r e f i n m e n L .  
Some consideration bas also been g iven  t o  i lze  tachrilq'ttes a f  
nc-arnerieal e x ~ e r l m r ~ n t a ~ i a n .  The work i.6 based on thn p r e i i t s e  ~ . l l ~ t L  
nurnericai analysis i s  i nke re r t t i a l  rarilesc chaa deduc t i ve  in n a ~ u r e  ., L~uc  
that t he re  i s  a general. r e l u c t a n c e  t o  accept t h%s  premise, The 
s k t u a t i o n  is typified by d e d u c t i v e  methods of error a n a l y s i s  based 
on mathemat ical  a n a l y s i s  which g e n e r a l l y  produce r e s u l t s  t o o  c r u d e  
t o  be  of p r a c t i c a l  v a l u e .  It i s  b e l i e v e d  t h a t  t h e  t h e o r e t i c a l  
c r i t e r i a  u n d e r l y i n g  new methods need c a r e f u l  e x p e r i m e n t a l  a ssessment .  
I n  an a t t e m p t  t o  i n d i c a t e  how such  an  assessment  shou ld  b e  c a r r i e d  
o u t ,  d e t a i l e d  c o n s i d e r a t i o n  is  be ing  g i v e n  t o  t h e  b a s i s  of c e r t a i n  
optimum q u a d r a t u r e  r u l e s  which have been developed (Barnhill and Wixorn, 
1967) t o  i n t e g r a t e  f u n c t i o n s  which have a  d e f i n e d  r e g i o n  of a n a l y t i c i t y .  
P r e l i m i n a r y  r e s u l t s  show t h a t  t h e  t h e o r e t i c a l  b a s i s  i s  i l l - f o u n d e d .  A  
paper  on t h i s  t o p i c  i s  be ing  p repared  f o r  an i n t e r n a t i o n a l  mee t ing  
n e x t  y e a r .  
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6 .  Bal loon Program 
R. P .  Bukata 
Albedo p a r t i c l e  f l u x e s  a t  b a l l o o n  a l t i t u d e s  
A program t o  s t u d y  the  d i r e c t i o n a l  dependence of t h e  secondary 
cosmic r a d i a t i o n  near t h e  top  of t h e  atmosphere i s  c u r r e n t l y  b e i n g  
executed.  The s t ~ s d y  is progressing along ' r ro~h t t ~ e o r e t i e a l  tt-ad exper r - 
menta l  avenues, The c ~ m p l e x  motions  of charged pa r t i c l e s  w i t h i n  
t h e  t e r r e s t r i a l  magnet ic  f i e l d  a r e  be ing  t r a c e d  v i a  computer programs 
which s i m u l a t e  t h e  t r a j e c t o r i e s  of t h e  i o n i c  component of t h e  cosmic 
r a d i a t i o n  through mathemat ica l  approximat ions  of t h e  magnet ic  f i e l d ,  
p a r t i c u l a r  a t t e n t i o n  b e i n g  g i v e n  t o  t h e  b e h a v i o r  of t h e  " r e - e n t r a n t "  
and "sp lash"  a l b e d o  p a r t i c l e s ,  I n i t i a l  r e s u l t s  of such  computer 
programming appear  t o  v e r i f y  t h e  expected "bounce" mot ion of such  
p a r t i c l e s  between c o n j u g a t e  magnet ic  m i r r o r  p o i n t s .  However, such 
motion is n o t  a s i n g u l a r  s o l u t i o n  t o  t h e  problem. Other  s o l u t i o n s  t o  
t h e  problem i n c l u d e  p o i n t s  between t h e  c o n j u g a t e s  i n c l u d i n g  loop  mot ions  
back t o  t h e  p o i n t  o f  p a r t i c l e  c r e a t i o n .  I n  o r d e r  t o  supplement t h e  
t h e o r e t i c a l  i n v e s t i g a t i o n  of a l b e d o  p a r t i c l e  motion w i t h  d i r e c t  
e x p e r i m e n t a l  o b s e r v a t i o n s  of t h e  d i r e c t i o n a l  d i s t r i b u t i o n ,  a  b a l l o o n  
package was launched from P a l e s t i n e ,  Texas,  on November 7 ,  1969. The 
package was i n t e n d e d  t o  s t u d y  t h e  zeni th-azimuth p r o p a g a t i o n  and 
c h a r g e  composi t ion of t h e  a lbedo  r a d i a t i o n  i n  t h e  energy range  10-200 
Mev/nucleon, 
Although some of t h e  a c q u i r e d  d a t a  must be  regarded  a s  s u s p e c t  
(due t o  p e r i o d i c  m a l f u n c t i o n s  of t h e  power supp ly  sys tem) a t t e m p t s  
a r e  c u r r e n t l y  b e i n g  made t o  e x t r a c t  t h e  u s e f u l  d a t a .  A second aim of 
t h e  b a l l o o n  package,  which was c o n s i d e r a b l y  more s u c c e s s f u l ,  was a  
f e a s i b i l i t y  t e s t  of t h e  package ( a  - dE - E t e l e s c o p e  w i t h  an  onboard dx 
computer p a r t i c l e  d f s c r i m i n a t f n g  t r a n s l a t i o n a l  network) f o r  p o s s i b l e  
i n c l u s i o n  i n  f u t u r e  s a t e l b i t e  m i s s i o n s ,  
7, Seisrno bogy 
A, Dziewonski 
(a) Study of upper m a n t l e  by Long p e r i o d  s u r f a c e  wave dispersion 
T h i s  program c o n s i s t s  of measurements of d i s p e r s i o n  p a r a m e t e r s  
of m a n t l e  waves a s  w e l l  a s  of t h e  subsequent  i n v e r s i o n  of t h e s e  d a t a .  
The t e c h n i q u e s  of t h e  a n a l y s e s  of s u r f a c e  wave d i s p e r s i o n  
developed a t  The U n i v e r s i t y  of Texas a t  D a l l a s  ( c f .  Landisman, Dziewonski 
and S a t o ,  1969; Dziewonski and Landisman, 1970) a r e  used i n  measurements 
of m a n t l e  Ray le igh  and Love waves t r a v e l l i n g  around t h e  world  o n  m u l t i p l e  
p a t h s .  A s t u d y  "On r e g i o n a l  d i f f e r e n c e s  i n  d i s p e r s i o n  of m a n t l e  Ray le igh  
wavesi' h a s  been  p r e s e n t e d  by Dziewonski ( i n  p r e s s ) .  These d a t a  i n  conjunc- 
t i o n  w i t h  d a t a  p u b l i s h e d  by o t h e r  a u t h o r s  have been r e c e n t l y  i n v e r t e d  i n  
a  paper  by Dziewonski, "Upper m a n t l e  models from ' p u r e '  p a t h  d a t a . "  
S i g n i f i c a n t  d i f f e r e n c e s  have been found between average  o c e a n i c ,  s h i e l d  
and t e c t o n i c  r e g i o n  s t r u c t u r e s .  Oceanic models a r e  c h a r a c t e r i z e d  by 
a  w e l l  developed low v e l o c i t y  zone.  For t h e  set of d a t a  used on  t h i s  
s t u d y  t h e  t h i c k n e s s  of t h e  o c e a n i c  l i t h o s p h e r e  p roves  t o  b e  a  c r i t i c a l  
parameter  which i n f l u e n c e s  t h e  d e n s i t y  s o l u t i o n s .  I f  t h e  t h i c k n e s s  of 
t h e  l i t h o s p h e r e  i s  80 km o r  l e s s ,  a  r e v e r s a l  o f  d e n s i t y  d i s t r i b u t i o n  
is n e c e s s a r y  t o  e x p l a i n  t h e  d a t a ,  I f  t h e  t h i c k n e s s  i s  100 km o r  g r e a t e r ,  
t h e  d e n s i t i e s  between 1 0  and 400 km can  be  r e p r e s e n t e d  by a  s i m p l e  
average  v a l u e .  
The shield d a t a  do no t  r e q u i r e  a  low v e l o c i t y  channe l  where 
t h e  v e l o c i t y  i n  t h e  l i d  i s  4 .60 lanlsec o r  l e s s  bu t  do r e q u i r e  one f o r  
h ighe r  S velocities, 
n 
The chawacteristie ieature of modsLc tor t e c t o n i c  areas is 
high  shear v e l o c i t y  ( > 4 , 8 0  knisec) 13ei;t:reerr 200 arid 400 km, 1 " ~ c a u l d  
be  explained by the t h r u s t  s f  oceanic l i t h o s p h e r e  under tectonic 
regions (Press, 1971). 
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A. L, Hales 
(b) Regional variations in upper m n t l e  properties 
Earlier studies of the travel times of P waves have shown 
t h a t  there are regional variations in these travel t i m e s ,  The arrivals 
a r e  systematically late i n  tectonically active regions such as the 
Western United S t a t e s  or  the Carpathians,  and systematicalhy early I n  
s h i e l d  o r  platform areas such as the  centra l  UniLed States,  Although 
the relative values in any one continent found by different investigators 
were consistent, there were some differences in intercontinental compar- 
isons. This arose partly because of the azimuthal variation of the P 
station anomalies. The phase PKIKP traverses the upper mantle at steep 
angles. Thus, it would be expected that PKKKP station anomalies would 
exhibit less azimuthal error. They would also be less affected by small 
errors in the location of the earthquakes. 
A preliminary investigation (Cleary and Hales, 1970) confirmed 
this expectation and suggested that there were errors in the travel 
times. A study similar to that of P travel times was undertaken. A 
paper describing the study is being prepared for publication. 
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M. Landisman 
(c) Observations and seismological theory in studies of the crust 
and mantle; resolving power of geophysical measurements 
A cooperative program in seismology between scientists in the 
Geosciences Division of The University of Texas at Dallas and Professor 
Y. Sat6 and his colleagues in the Earthquake Research Institute of the 
University of Tokyo led to a major invited paper, "Contributions of 
Theoretical Seismograms to the Study of Modes, Rays and the Earth," by 
M, Laqdieman, T.  U s a m i ,  Y. s a t6  and R. Mass6, which was published i n  
the  August, 1970 Reviews of Geophysics, This study points  t he  way 
toward improved understanding of t he  r e l a t i o n  between the  i n t e r i o r  of 
the  Earth and t h e  seismograms recorded on its surface,  and i ts  implica- 
t i ons  a r e  being. pursued, 
A s imi la r  cooperative program between workers i n  t h i s  i n s t i t u t i o n  
and Professor S. Mueller and h i s  colleagues i n  t he  Geophysical i n s t i t u t e  
of t h e  University of Karlsruhe i n  West Germany has produced a number of 
s tud les  of t h e  c ru s t  and upper mantle. These invest igat ions  have 
explored t he  pos s ib i l i t y  t ha t  minima i n  the  velocity-depth function 
may e x i s t  f o r  severa l  areas t ha t  have been studied i n  d e t a i l ,  including 
s i t e s  i n  the  southern Great Pla ins  and the  Basin and Range of North 
America, the  Rhine r i f t  sys tem,in  western Europe, and southern Africa.  
Attempts were a l s o  made t o  r e l a t e  these  proposed.10~-velocity regions 
t o  other  proper t ies  a t  depth, Correlations with an inferred zone of 
low e l e c t r i c a l  r e s i s t i v i t y  and a region of increased seismic a t tenuat ion 
suggest t h e  pos s ib i l i t y  t ha t  extremely minor concentrations of i n t e r -  
s t i t i a l  f r e e  water of hydration may be an important agent i n  a number 
of processes t h a t  a c t  within t he  Earth a t  moderately shallow depths. 
Two students,  R, ~ a s s 6  and 2. A. Der, were supported i n  t h e i r  
doctoral  research by the  NASA grant ,  M r ,  ~ a s s 6  is studying the  upper 
mantle beneath t h e  Western United S ta tes ,  using LRSM and other seimolog- 
i 
i c a l  da ta  including amplitudes as w e l l  a s  a r r i v a l  times. He a l so  
par t ic ipated i n  a study, "Effects of Observational Errors on the  
R e s o l u t i o n  of S u r f a c e  Waves a t  I n t e r m e d i a t e  D i s t a n c e s , "  by ZZ,  u e r ,  
R. 'Mass;, and M, Landisman, which appeared i n  t h e  
Research,  Volume 75, pages  3399-3409, 1970. T h i s  r e s e a r c h  i s  now 
be ing  pursued by Z. Der and M. Landisman i n  an  a t t e m p t  t o  c o n s i d e r  
t h e  e f f e c t s  of a d d i t i o n a l  unknown paramete rs  and f u r t h e r  o b s e r v a t i o n s ,  
8. Petrology-Geochemistry 
J .  L, C a r t e r  
(a)  E l e c t r o n  microprobe a n a l y s i s  of u l t r a m a f i c  and maf ic  nodules  
from Kilbourne Hole ,  New Mexico, and P o t r i l l o ,  New Mexico 
As p a r t  of t h e  c o n t i n u i n g  s t u d y  of t h e  chemical  n a t u r e  o f  
t h e  ~ a r t h ' s  upper mant le ,  c o e x i s t i n g  phases  from b o t h  3-phase and 
4-phase nodules  from Kilbourne Hole,  New Mexico, were  r e p o r t e d  i n  t h e  
December 1969 annua l  r e p o r t .  
One i n t e r e s t i n g  f i n d i n g  was t h e  a p p a r e n t  p r e s e n c e  of c o e x i s t i n g  
s p i n e l s  of d i f f e r e n t  compos i t ions  i n  some of  t h e  4-phase nodules .  T h i s  
o b s e r v a t i o n  l e d  t o  t h e  s p e c u l a t i o n  of a n  e x t e n s i v e  s o l v u s  between c e r t a i n  
s p i n e l  compos i t ions .  P r e l i m i n a r y  probe d a t a  on t h e  c o e x i s t i n g  s i l i c a t e  
phases  from t h e  nodules  t h a t  c o n t a i n  two s p i n e l s  s u g g e s t  t h a t  t h e  
s i l i c a t e  phases  may a l s o  be  chemica l ly  he te rogeneous .  
P r e l i m i n a r y  a n a l y s i s  of c o e x i s t i n g  phases  from b o t h  3-phase 
and 4-phase nodules  from P o t r i l l o ,  New Mexico, g i v e  s i m i l a r  r e s u l t s ,  
Modules from b o t h  Ki lbourne  Hole,  %Sew Mexico, and P o t r i l l o ,  New Mexico, 
have been found t h a t  have aazgular fragments o f  4-phase nodenies i n  d 
3- phase nod.tiLe rnotrjx* These data  suggest a rather G O ~ ~ L ~ X  h j c ; t o r y fnn: 
tk~eir fornation incEudPng p a r t i a l  fusisrr ,  p a r t i a l  c r y s t a l l i z a t i o n ,  
r e c r y s t a l l i z a t i o n ,  and metasomatic processes .  Pol i shed  t h i n  s e c t i o n s  
w i l l  be  analyzed t o  f a c i l i t a t e  a  more c r i t i c a l  i n t e r p r e t a t i o n  of 
t h e s e  samples and thus  t h e  processes  r e spons ib l e  f o r  t h e i r  formation.  
W. I. Manton 
(b) Lebombo r h y o l i t e s  
Pursuing t h e  hypothesis  t h a t  t h e  Lebombo r h y o l i t e s  o r i g i n a t e d  
by t h e  p a r t i a l  f u s i o n  of sediment ,  Manton has c a r r i e d  out  chemical 
ana lyses  of t h e  r h y o l i t e s  used i n  h i s  Rb-Sr i n v e s t i g a t i o n .  The rocks  
show l i t t l e  v a r i a t i o n  i n  composition and have an average composition 
t h a t  i s  g r a n o d i o r i t i c  (Table 1 ) .  
The reason  f o r  ca r ry ing  out  t h e s e  ana lyses  was t o  examine what 
s i m i l a r i t i e s  e x i s t  between t h e  Lebombo r h y o l i t e s  and t h e  Taupo r h y o l i t e s  
of New Zealand, f o r  which an o r i g i n  by t h e  mel t ing  of sediment appears  
l i k e l y  (Ewart and S t ipp ,  1968).  The most s t r i k i n g  geochemical f e a t u r e  
of t h e  Taupo r h y o l i t e s  is  t h e i r  t r a c e  and major element composition 
(Taylor e t  a l . ,  1968) which appears incompatible wi th  an o r i g i n  involv ing  
f r a c t i o n a l  c r y s t a l l i z a t i o n .  No such incompa t ib i l i t y  can be demonstrated 
f o r  t h e  Lebombo r h y o l i t e s  f o r  t h e  reason t h a t  t h e i r  bulk composition is  
g r a n o d i o r i t i c  and would no t  n a t u r a l l y  be accompanied by any enrichment 
of t r a c e  elements.  I f ,  however, t h e  rocks o r ig ina t ed  by p a r t i a l  f u s i o n  
they should show no o r  very minor n o d i f i c a t i o n  by f r a c t i o n a l  c r y s t a l l i -  
z a t i o n ,  A s u i r a b l e  means of examining the  in f luence  of f r a c t i o n a l  
c r y s t a l l i z a t i o n  i s  to p l o t  KIRhagainak. Rb/Sr  ( F i g u r e  21, Both these  
parameters are  sens i t ive  i n d i c a t o r s  of the crystallization of fe l spar .  
K / K ~  will decrease l a rge ly  as t h e  r e s u l t  of the c r y s t a l ~ i z a t i o n  of 
K-fe lspar ;  RL/Sr w i l l  i n c r e a s e  w i t h  t h e  crystallization o.l plagFecLase. 
E i g h t  g r a n i t e s  from t h e  Dembe-Divuba and Masulc~b~e complexes which cu t  
t h e  v o l c a n i c s  i n  t h e  Nuane t s i  d i s t r i c t  a r e  a l s o  p l o t t e d  i n  F i g u r e  2 .  
87 86 The g r a n i t e s  whose i n i t i a l  S r  / S r  r a t i o s  a r e  i n d i s t i n g u i s h a b l e  from 
t h e  v o l c a n i c s  (Manton, 1968) may be  c o n s i d e r e d  as d i f f e r e n t i a t e s  from 
a magma s i m i l a r  i n  composi t ion t o  t h e  i g n i m b r i t e  magma. F i g u r e  2 i m p l i e s  
t h a t  t h e  Lebombo r h y o l i t e s  were n o t  g r e a t l y  modi f i ed  by f r a c t i o n a l  
c r y s t a l l i z a t i o n .  
Uranium a n a l y s e s  have been performed by i s o t o p e  d i l u t i o n  on some 
of t h e  Lebombo r h y o l i t e s  and on t h e  Masukwe and Dembe-Divula g r a n i t e s .  
I n  t h e  r h y o l i t e s  t h e  K/U r a t i o  is v e r y  c l o s e  t o  1 x l o 4 >  b u t  i n  t h e  
4  
more f r a c t i o n a t e d  g r a n i t e s  f a l l s  a s  low a s  0 , 3 2  x 10 . These d a t a  may 
b e  t aken  a s  f u r t h e r  ev idence  of t h e  l a c k  of f r a c t i o n a l  c r y s t a l l i z a t i o n  
w i t h i n  t h e  main body of t h e  r h y o l i t e s .  
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( c )  Lead i s o t o p e  s t u d i e s  
Compston and Oversby 's  (1969) t e c h n i q u e  of mass f r a c t i o n a t i o n  
c o r r e c t i o n  i n  t h e  i s o t o p i c  a n a l y s i s  of l e a d  h a s  been somewhat modi f i ed  
f o r  u s e  i n  t h i s  l a b o r a t o r y .  
The i s o t o p e  d i l u t i o n  e q u a t i o n  may b e  w r i t t e n  as: 
moles of i ' t h  i s o t o p e  i n  m i x t u r e  from s p i k e  r -m 
= ------- - 
- R (1) 
moles of i ' t h  i s o t o p e  i n  m i x t u r e  from rock  m- s 
where r is  t h e  abundance r a t i o  of t h e  ( i C n ) t h  t o  t h e  i ' t h  i s o t o p e  i n  
t h e  r o c k ,  and m and s a r e  s i ~ n i l a r l y  d e f i n e d  f o r  t h e  m i x t u r e  and t h e  
s p i k e ,  
I n  p r a c t i c e  a b s o l u t e  v a l u e  of s may b e  o b t a i n e d  by c a l i b r a t i n g  
t h e  s p i k e  a g a i n s t  an  a b s o l u t e  s t a n d a r d ,  b u t  m and r a s  measured a r e  s u b j e c t  
t o  m a s s  f r a c t i o n a t i o n ,  We can w r i t e  
m = m '  (1 C nfm) 
and 
r = r '  ( 1  C n f r )  
where m' and r '  a r e  t h e  r a t i o s  measured on t h e  mass spec t romete r  and 
f  and f a r e  t h e  f r a c t i o n a t i o n s  p e r  u n i t  mass i n c u r r e d  i n  t h e  a n a l y s e s  
rn r 
of t h e  m i x t u r e  and t h e  r o c k ,  S u b s t i t u t i n g  t h e s e  e x p r e s s i o n s  f o r  m and 
r i n  t h e  o r i g i n a l  e q u a t i o n  and s i m p l i f y i n g ,  we get, 
R ( m 9 - s )  + nm' (1 + R)f, - n r ' f  + r q - m '  
r 
For l e a d ,  t h r e e  independent equat ions i n  t h e  form of (3)  may 
be w r i t t e n  i n  terms of t h e  unknowns R ,  ( 1  + R) f m  and f r .  A program 
has been w r i t t e n  i n  APL t o  s o l v e  them. 
Compston and Oversby's o r i g i n a l  double-spike r equ i r ed  mixtures  
i n  which pb207 had f o u r  t imes t h e  abundance of pb206. Resolut ion 
between t h e  pb207 and pb206 peaks was seve ra ly  impaired and they r epor t ed  
mass 207 t a i l s  1%-2% of t h e  he igh t  of t h e  206 peak. Such a  s i t u a t i o n  is 
obviously undes i r ab le .  For t h e  purposes of mass spectrometry,  t he  b e s t  
mixture would be  one i n  which pb204 = pb206 and pb207 = pb208, wi th  
composition of common Pb n a t u r a l l y  causing t h e  pb208 and pbZo7 peaks 
t o  be  twice t h e  he ight  of pb204 and pb206. W e  have examined t h e  e r r o r  
propagation i n  such a  mixture made of t h e  NBS s t anda rd ,  SRM 981 (common Pb) ,  
and a s p i k e  made of t h e  most h ighly  enriched pb204 and pb207 a v a i l a b l e  
from Oak Ridge, wi th  t h e  composition pbZo4 = 0.4749; pb206 = 0.00082; 
We used t h e  method of Compston and Oversby and r a i s e d  by 1% t h e  
r a t i o s  measured i n  t h e  a n a l y s i s  of t h e  rock and t h e  mixture.  The r e s u l t s  
a r e  given i n  Table 2 and should be  compared wi th  Table 7 of Compston and 
Oversby. In  f i v e  cases  (blocked o f f  i n  Table 2) our  e r r o r  magni f ica t ion  
s l i g h t l y  exceeds t h e i r s .  I n  t h e  remaining f i f t e e n ,  ours  i s  l e s s  than  
t h e i r s ,  
Reference 
Cnmpston, W, and V. M, Oversby, "Lead i s o t o p e  analysis using 
a double spike," 9 - 74, 4338, 1969, 
T&le 1, Average composition of Lebo&s 
rhyolites (32 aulalysesl , 
S%O2 
A1203 
Fe203 
M 0 
9 
CaO 
Silica determined by difference and represents a 
maximum figure. 
Table 2 ,  SF34981 E r r o r  P r o p a g a t i o n  T e s t  
208 /  E r r o r  207 /  E r r o r  206/  Error 
2 0 6  on % 2 0 4  o n  % 2 0 4  on aii; 
- - 
Correct Values 
Composition r a t i o s  
raised one a t  a t i m e  
Mixture r a t i o s  raised 
one at. a t i m e  
87 Figure 2 .  P l o t  o f  K / W  vs  Rb /sra6 f o r  Lebombo and Nuanets i  l a v a s  and Dembe-Divula and 
Masukwe g r a n i t e s .  Open c i r c l e  - Lower Lebombo r h y o l i t e s .  Square - Middle LebomPcao rhyolites, 
T r i m g l e  - Upper Lebornbo r h y o l i t e s ,  Closed c i r c l e  - Nuanetsi  r h y o l i t e s ,  Cross i n  circle - 
Denabe-Divula and Masukwe g r a n i t e s .  
I::, C;, P~esnrallk. 
(d )  I n t e r p r e t a t i o n  of chemical  v a r i a t i o n s  i n  t h e  rocks  of t h e  
S i e r r a  Nevada b a t h o l i t h  
A j o i n t  p r o j e c t  w i t h  P .  C .  Bateman of t h e  U. S. Geolog ica l  
Survey h a s  been  under taken  i n  a n  e f f o r t  t o  b e t t e r  unders tand  t h e  
chemis t ry  of t h e  g r a n i t i c  r o c k s  of t h e  c e n t r a l  S i e r r a  Nevada b a t h o l i t h .  
About 150 chemical  a n a l y s e s  of t h e  g r a n i t i c  r o c k s  c o n s i s t  of 80% o r  
more normat ive  q u a r t z  + o r t h o c l a s e  + a l b i t e  C a n o r t h i t e .  T h i s  f o u r -  
component sys tem i s  s u f f i c i e n t l y  w e l l  known t h a t  t h e  chemis t ry  of t h e  
r o c k s  can b e  compared d i r e c t l y  w i t h  t h e  phase  diagram i n  a  f a i r l y  
d e t a i l e d  way. 
A combinat ion of ev idence  from f i e l d  r e l a t i o n s h i p s ,  chemical  
d a t a  on t h e  r o c k s ,  and t h e  phase diagram y i e l d s  t h e  f o l l o w i n g  g e n e r a l  
c o n c l u s i o n s  : 
The g r a n i t i c  r o c k s  cannot  b e  c r y s t a l l i z e d  from p u r e  m e l t s .  
R a t h e r ,  t h e  p l u t o n s  were most l i k e l y  i n t r u d e d  a s  c r y s t a l - l i q u i d  mushes 
c o n t a i n i n g  a  l a r g e  p r o p o r t i o n  of p l a g i o c l a s e  phenocrys t s .  The s o u r c e  
r e g i o n  i s  b e l i e v e d  t o  l i e  a t  t h e  b a s e  of t h e  c r u s t .  A f t e r  p a r t i a l  
m e l t i n g  of a  m i x t u r e  of lower c r u s t  and upper mant le  took p l a c e ,  t h e  
e n t i r e  p a r t i a l l y  mel ted mass moved upward and c r y s t a l l i z e d  h i g h e r  i n  
t h e  c r u s t .  Chemical v a r i a t i o n s  between p l u t o n s  can be exp la ined  a s  
p a r t l y  due t o  d i f f e r e n t  c h e m i s t r y  i n  t h e  s o u r c e  r e g i o n s  and p a r t l y  due 
t o  s u b t r a c t i o n  of p l a g i o c l a s e ,  
This wouk i s  now being prepared  fai- p u b l j  c a t i o n ,  
9. Study of t h e  Conductir/iiry of the Crust and Upper i+fantle w i t h  an 
Array of Var iometers  
H. P o r a t h  
A. Dziewonski 
The U n i v e r s i t y  of Texas a t  D a l l a s ,  t o g e t h e r  w i t h  t h e  Univer-  
s i t y  of A l b e r t a  a t  Edmonton, h a s  been engaged s i n c e  1967 i n  a program 
des igned  t o  i n v e s t i g a t e  l a t e r a l  changes i n  t h e  c o n d u c t i v i t y  of t h e  
upper  mant le  benea th  t h e  w e s t e r n  Uni ted S t a t e s  ( R e i t z e l ,  Gough, P o r a t h  
and Anderson, 1970; P o r a t h ,  Oldenburg and Gough, 1970; Camfie ld ,  Gough 
and P o r a t h ,  i n  p r e s s ) .  The r e s u l t s  of t h e s e  s t u d i e s  have been summarized 
by P o r a t h  and Gough ( i n  p r e s s ) ,  
The U n i v e r s i t y  of Texas a t  D a l l a s  a l s o  began i n  1969 a  program 
of l o c a l i z a t i o n  of geomagnetic v a r i a t i o n  anomal ies  a s s o c i a t e d  w i t h  t h e  
g e o l o g i c a l  f o r m a t i o n s  i n  t h e  upper  c r u s t .  S t u d i e s  of t h i s  k i n d  have 
been c a r r i e d  o u t  i n  North Texas and Oklahoma and Midwestern Uni ted 
S t a t e s  (Pora th  and Dziewonski,  i n  p r e s s ) .  Cont inua t ion  o f  t h i s  d i r e c -  
t i o n  o f  i n v e s t i g a t i o n  shou ld  be  h e l p f u l  i n  d e t e r m i n a t i o n  of t h e  r e g i o n s  
i n  which t h e  c l a s s i c a l  m a g n e t o t e l L u r i c  method cannot  be  a p p l i e d  a n d / o r  
c a u t i o n  should be  e x e r c i s e d  i n  i n t e r p r e t a t i o n  of t h e  r e s u l t s .  
T h i s  s t u d y  is s u p p o r t e d  i n  p a r t  by t h e  N a t i o n a l  Sc ience  
Foundat ion.  
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1 0 ,  Magnetic P r o p e r t i e s  of E a r t h  and Lunar 1 4 a t e r i a l s  
C .  E .  H e l s l e y  
The s u c c e s s f u l  r e t u r n  of l u n a r  m a t e r i a l  from t h e  Apol lo  11 and 
12 m i s s i o n s  h a s  focused  our  e f f o r t s  on t h e  a n a l y s i s  of magnet ic  p r o p e r t i e s  
of r o c k s  of e a r t h  a s  w e l l  a s  l u n a r  o r i g i n .  I n i t i a l  s t u d i e s  on t h e  Apol lo  
11 and 12 m a t e r i a l s  show t h a t  t h e  samples a r e  magnet ic  w i t h  i r o n ,  i l m e n i t e ,  
and perhaps  t r o i l i t e ,  b e i n g  t h e  major magnet ic  c o n s t i t u e n t s ,  The magnetism 
i s  s t a b l e  and i s  i n t e r p r e t e d  a s  be ing  of l u n a r  o r i g i n  e i t h e r  from a f i e l d  
i n t e r n a l  t o  t h e  moon o r  a s  t h e  r e s u l t  of t h e  moon b e i n g  w i t h i n  t h e  e a r t h ' s  
magnet ic  f i e l d  a t  t h e  t ime  t h e  r o c k s  cooled (4.W b i l l i o n  y e a r s  a g o ) .  
- 
Continued s t u d i e s  of the magnetic p r o p e a t ~ e s  of r e d  sediments 
have e s t a b l i s h e d  a  c o r r e l a t i o n  framework, based  on magnet ic  r e v e r s a l s  
f o r  t h e  lloenkopi fo rmat ion  of t h e  Colorado P l a t e a u .  S t u d i e s  on t h e  
Permian C u t l e r  Pormation have shown t h a t  no r e v e r s a l s  a r e  p r e s e n t  
th roughout  a t i m e  span o f  more t h a n  20 m i l l i o n  y e a r s ,  once a g a i n  
s u p p o r t i n g  t h e  world-wide o b s e r v a t i o n  of a Long p e r i o d  of c o n s t a n t  
p o l a r i t y  f o r  t h e  l a t e  Pennsy lvan ia  and most of t h e  Permian. Moreover, 
s t u d i e s  o f  t h e  s t a b i l i t y  of t h e s e  r o c k s  and t h o s e  from t h e  Moenkopi 
Pormation s u g g e s t  t h a t  most o f  t h e  u n s t a b l e  moment i s  a c q u i r e d  th rough  
wea ther ing  p r o c e s s e s  and r e s i d e s  i n  t h e  m i n e r a l  g o e t h i t e .  T h i s  u n s t a b l e  
moment can g e n e r a l l y  be  removed by j u d i c i o u s  h e a t i n g  of t h e  sample. 
Paleomagnet ic  s t u d i e s  on Precambian r o c k  made by H. R. S p a l l  
f o r  h i s  Ph. D .  d i s s e r t a t i o n  a t  t h e  U n i v e r s i t y  of London i n  1970 have 
been completed and p r o v i d e  ev idence  f o r  an  e x t e n s i v e  p e r i o d  of p o l a r  
wandering i n  t h e  l a t e  Precambrian (2700 t o  1000 m.y. ago) .  T h i s  work 
i s  c u r r e n t l y  b e i n g  submi t t ed  t o  v a r i o u s  j o u r n a l s  f o r  p u b l i c a t i o n ,  
11, C a l c i f i c a t i o n :  h i n o  Acid Composition of P r o t e i n  i n  CaCO from 3 
Some I n v e r t e b r a t e s  and Algae 
R. M, M i t t e r e r  
Calcium c a r b o n a t e ,  as a r a g o n i t e  o r  c a l c i t e ,  is  a major  s t r u c t u r a l  
f e a t u r e  i n  some r e p r e s e n t a t i v e s  of many i n v e r t e b r a t e  p h y l a  i n c l u d i n g  
such  d i v e r s e  groups  as mollusks ,  c o r a l s ,  woms and echinoids, and i n  
calcareous algae, 111 common. w t % % l  o t h e r  nnrineza1lzec-i t i ssues in b i o l o g i c a l  
s y t 3 5 ~ n ~ s ,  these hard  parti;: L~a. t~c m a  orgarlic nwt r i x  compased princl"p:slly 
of a p r o r e t n - p o l y s a c c h a r i d e  caJnpiex. Whii  e t h e  e x a c t  mechanism is 
n o t  known, c a l c i f i c a t i o n  i n  these organisms i s  thought  t o  b e  induced 
by t h e  mucoprote in  m a t r i x  which p r o v i d e s  n u c l e a t i n g  s i t e s  f o r  CaCO 3 
p r e c i p i t a t i o n ,  Amino a c i d  a n a l y s e s  may p r o v i d e  some i n s i g h t  i n t o  
c a l c i f i c a t i o n  mechanisms by showing whether t h e  p r o t e i n s  i n  v a r i o u s  
c a l c i f i e d  s t r u c t u r e s  have something i n  common. 
h i n o  a c i d  a n a l y s e s  of m i n e r a l i z e d  p r o t e i n  have been o b t a i n e d  
f o r  s e v e r a l  d i f f e r e n t  g e n e r a  of c o r a l s ,  r e d  and g reen  a l g a e ,  fo ramin i -  
f e r a ,  molluslcs, and worms. The composi t ion of t h e  o r g a n i c  m a t r i c e s  
i s  remarkably s i m i l a r  f o r  most of t h e  samples ,  c o n s i d e r i n g  t h e  d i v e r s e  
n a t u r e  of t h e  organisms and of t h e  c a l c i f i e d  s t r u c t u r e s .  A 1 1  of t h e  
samples  a r e  c h a r a c t e r i z e d  by a  h i g h  c o n t e n t ,  a t  l e a s t  35% of t h e  p r o t e i n ,  
of t h e  a c i d i c  amino a c i d s  a s p a r t i c  and g l u t a m i c  a c i d ,  The b a s i c  amino 
a c i d s ,  l y s i n e ,  h i s t i d i n e ,  and a r g i n i n e ,  a r e  low, compris ing about  5-10%. 
I t  h a s  been sugges ted  t h a t  t h e  a c i d i c  amino a c i d s  i n  t h e  p r o t e i n  of 
m i n e r a l i z e d  t i s s u e s  i s  impor tan t  i n  c o n c e n t r a t i n g  ca lc ium i o n s  because  
of t h e i r  p o l a r  s i d e  groups .  The d a t a  o b t a i n e d  i n  t h e  p r e s e n t  s t u d y  
from a  v a r i e t y  of i n v e r t e b r a t e  m i n e r a l i z e d  t i s s u e s  and c a l c a r e o u s  a lgae  
s u g g e s t s  t h a t  a  p r o t e i n  r i c h  i n  t h e  a c i d i c  amino a c i d s  may be  i n t i m a t e l y  
invo lved  i n  i n v e r t e b r a t e  c a l c i f i c a t i o n .  
1 2 ,  R e l a t i v i t y  
M .  Callen 
I ,  Ozsvath 
W .  R i n d l e r  
I. Robinson 
The i n t e r a c t i o n  between mathematics and r e l a t i v i t y  has  
always been l i v e l y  i n  b o t h  d i r e c t i o n s ,  Highly a b s t r a c t  r e s u l t s  of 
P a l a i s  and Ebin seem now t o  have found a p p l i c a t i o n s  i n  t h e  t h e o r y  of 
r e l a t i v i s t i c  superspace .  We t h e r e f o r e  b e l i e v e  t h a t  t h e  s t u d y  of 
h y p e r b o l i c  d i f f e r e n t i a l  geometry p e r  s e  can have a  double  j u s t i f i c a -  
t i o n ,  We have found t h a t  t h e  group of t r a n s v e c t i o n  of a n  indecomposable 
Loren tz  symmetric s p a c e  i s  e i t h e r  s o l v a b l e  o r  semi-simple;  i f  s o l v a b l e ,  
t h e n  i t  i s  an  a b e l i a n  e x t e n s i o n  of t h e  Heisenberg group (M. Callen and 
N, Walla.ch, B u l l .  Am. Math, S o c , - z ,  1970, 3 ) ,  F i r s t  e x t e n s i o n s  of 
t h e s e  r e s u l t s  t o  o t h e r  pseudo-Riemannian symmetric s p a c e s  have been 
o b t a i n e d ,  and t h e  s t r e n g t h  of t h e  h y p e r b o l i c  c o n d i t i o n  h a s  become 
e v i d e n t  (f4, Cahen and M, P a r k e r ,  B u l l .  Soc,  Belge Math , ,  i n  p r e s s ) ,  
An e x h a u s t i v e  l i s t  of four-dimensional  symmetric s p a c e s  has  been 
c o n s t r u c t e d  ( t o  be  p u b l i s h e d )  and work on t h e  5 ,  6 ,  and 7-dimensional 
c a s e s  i s  i n  p r o g r e s s ,  
We have a l s o  o b t a i n e d  a  compact form of  t h e  Green f u n c t i o n  f o r  
D i r a c  e q u a t i o n s  i n  terms of hypergeometr ic  f u n c t i o n s  ( t o  b e  p u b l i s h e d ) .  
Work bas con t inued  on empty-space s o l u t i o n s  wi thou t  symmetry 
of   in stein's e q u a t i o n s  and on a new a p p r o a c l ~  t o  the motion of singular- 
ities (I, Robinson,  L e c t u r e s  on Piot ion and R a d i z t i o n  in Genera i ~Xelat i v i  ty , 
Our e a r l i e r  work i n  cosmology had shown t h a t  t h e r e  a r e  f o u r  
d i f f e r e n t  c l a s s e s  of f u l l y  homogeneous d u s k - f i l l e d  u n i v e r s e s  ( I .  Ozsvgth,  
J. Math. Phys.  - 6 ,  1965, 590; D .  L. Farnsworth  and R .  P .  K e r r , ,  J .  Math, 
~ h y s .  - 7 ,  1966,  1625) .  I n  our  program of summarizing t h e  g e o m e t r i c a l  
and p h y s i c a l  p r o p e r t i e s  of t h e s e  u n i v e r s e s ,  two p a p e r s  have a l r e a d y  
been p u b l i s h e d  (I. Ozsvsth  and E .  L. Schticking, Ann. Phys. - 55,  1969,  
166;  I ,  Ozsvhth,  J .  Math. Phys. - 11, 1970,  2871).  Work on t h e  t h i r d  and 
l a s t  paper  i n  t h i s  s e r i e s  i s  now i n  p r o g r e s s .  
Recen t ly  we have developed new methods f o r  d e a l i n g  w i t h  
s p a t i a l l y  homogeneous world-models. (I. Ozsvhth,  J .  Math. Phys. x, 
1970, 2860).  We proposed a  Lagrangian f o r m u l a t i o n  of E i n s t e i n ' s  
f i e l d  e q u a t i o n s  w i t h  i n c o h e r e n t  matter a p p l i c a b l e  t o  such  models. T h i s  
f o r m u l a t i o n  is  powerful  enough t o  reduce  t h e  s o l u t i o n  of t h e  f i e l d  
e q u a t i o n s  (under  c e r t a i n  s l i g h t  r e s t r i c t i o n s  on t h e  motion of t h e  m a t t e r )  
t o  t h e  s o l u t i o n  of a  problem analogous t o  t h o s e  d e a l t  w i t h  i n  c l a s s i c a l  
mechanics.  We have r e g u l a r i z e d  t h a t  mechanical  problem f o r  a  c l a s s  
of s p e c i a l  s o l u t i o n s .  Fur thermore,  we g i v e  t h e  r e d u c t i o n  of t h e  
mechanical  problem i n  t h e  "symmetric" c a s e  o f  Gadel.  
I n  a  for thcoming paper  on s p a t i a l l y  homogeneous r o t a t i n g  
u n i v e r s e s  we show t h a t  t h e r e  a r e  "symmetric" c a s e s  f o r  a l l  t h e  C l a s s  I 
groups ,  and we g i v e  t h e  r e d u c t i o n  of t h e  cor responding  mechanical  problems 
t o  t h r e e  d e g r e e s  of freedom. 
It is a  consequence of t h e  i n t e r a c t i o n  between t h e  g r a v i t a t i o n a l  
and e l e c t r o m a g n e t i c  f i e l d s  i n  gene ra l  r e l a t i v i t y  t h e o r y  t h a t  g r a v i t a t i o n a l  
i n d u c t i o n  e f f e c t s  n o t  merely  modify known c l a s s i c a l  s o l u t i o n s  of t h e  
:_idxwetl e q u a t i o n s ,  b u t a l s o  c r e a t e  e n t i r e l y  new o n e s ,  Thus,  f o r  
example, by h e u r i s t i c  u s e  of Mach's p r i n c i p l e  i t  can b e  c o n j e c t u r e d  
( R i n d l e r ,  E s s e n t i a l  R e l a t i v i t y ,  1969) t h a t  a  s t a t i o n a r y  charged s p h e r e  
i n s i d e  a  r o t a t i n g  mass s h e l l  w i l l  b e  surrounded by a magnet ic  d i p o l e  
f i e l d .  Th i s  c o n j e c t u r e  was examined, and found t o  b e  e s s e n t i a l l y  
c o r r e c t  ( J .  E h l e r s  and W. R i n d l e r ,  P h y s i c s  L e t t e r s  - 32A, 1970, 257, 
s e e  a l s o  New S c i e n t i s t ,  8  Oct .  1960,  p .  6 4 ) .  We l e a r n e d  l a t e r  t h a t  
a  s i m i l a r  problem had been c o n s i d e r e d  by J ,  M. Cohen (Phys. Rev. - 1 4 8 ,  
1966, 1 2 6 4 ) ,  b u t  our method complements h i s ;  whereas h e  need n o t  r e s t r i c t  
t h e  o u t e r  s h e l l  mass, h i s  Maxwell f i e l d  i s  a  mere test f i e l d ,  and h e  
can work t o  f i r s t  o r d e r  i n  t h e  r o t a t i o n  speed o n l y .  Our o u t e r  mass 
is  r e s t r i c t e d ,  b u t  our  e q u a t i o n s  a r e  f u l l y  coupled and we can work t o  
second o r d e r  i n  t h e  r o t a t i o n  speed .  We t h u s  g e t  an  induced e l e c t r o -  
s t a t i c  f i e l d ,  even i n s i d e  t h e  i n n e r  s h e l l  ( t o  be p u b l i s h e d ) ,  which i s  
beyond Cohen's method. We have a l s o  sugges ted  exper iments  which cou ld  
t e s t  t h e s e  e f f e c t s ,  a t  l e a s t  i n  p r i n c i p l e .  I n  t h e  c a s e  of f a s t -  
r o t a t i n g  n e u t r o n  s t a r s ,  t h e s e  e f f e c t s  might be  s i g n i f i c a n t .  
I n  1960 we proposed (W. R i n d l e r ,  Phys.  Rev.,  - 119 ,  1960, 2082) 
a  d e f i n i t i o n  o f  mot ion w i t h  c o n s t a n t  p roper  a c c e l e r a t i o n  ( "hyperbo l ic  
motion") i n  curved space t ime  by g e n e r a l i z i n g  t h e  geomet r ic  p r o p e r t i e s  
of such  motion i n  f l a t  space t ime ,  The d e f i n i t i o n  r e q u i r e d  of t h e  
world l i n e  that i t  be  t o r s i o n - f r e e  and of c o n s t a n t  c u r v a t u r e .  I n  1969 
R .  Gautreau (Phys,  Rev, 185_, 1969,  1662) gave a new i n t e r p r e t a t i o n  
of  this definition as a motion with c o n s t a n t  three-acceleration vector 
r e l a t i v e  t o  t h e  l o c a l  (Fermi - t ranspor ted)  biinlcowski rest f rame.  We 
have now proved (L.  Karlov and W .  R i n d l e r ,  t o  appear  i n  Phys.  Rev.) 
t h a t  any t o r s i o n - f r e e  motion cor responds  t o  a  t h r e e - a c c e l e r a t i o n  which 
has  f i x e d  d i r e c t i o n  i n  t h e  l o c a l  frame. We are i n  t h e  c o u r s e  of f i n d i n g  
s i m i l a r  k inemat ic  c h a r a c t e r i z a t i o n s  of t h e  o t h e r  b a s i c  geomet r ic  
i n v a r i a n t s  of t w i s t i n g  world  l i n e s .  
A h i s t o r i c a l  s t u d y  was made ( R i n d l e r ,  Am. J .  Phys. - 38, 1970,  
1111) concern ing  t h e  q u e s t i o n  o f  who had f i r s t  r ecognized  t h a t  t h e  
r e l a t i v i s t i c  t ime  d i l a t i o n  i s  a  p h y s i c a l  phenomenon r a t h e r  t h a n  a mere 
mathemat ical  d e v i c e ,  Whi t t aker  and o t h e r  h i s t o r i a n s  had a t t r i b u t e d  t h i s  
v a r i o u s l y  t o  Lorentz  o r  Larmor. We have found,  however, t h a t  t h e  c r e d i t  
be longs  unequivoca l ly  t o  E i n s t e i n .  
Other Space Related Research 
1, Lunar Atmosphere 
F. S. Johnson 
J .  H.  Hoffman 
D. E.  Evans (Manned S p a c e c r a f t  C e n t e r ,  Houston,  Texas) 
A c o l d  ca thode  vacuum gauge h a s  been inc luded  i n  t h e  Apol lo  
Lunar S u r f a c e  Exper imental  Package (ALSEP) t o  measure ambient l u n a r  
atmosphere and gaseous  con tamina t ion  of t h e  l a n d i n g  s i t e .  The gauge 
-12 has  t h e  c a p a b i l i t y  of o p e r a t i n g  down t o  a  p r e s s u r e  of about  10 t o r r .  
The most i n t e r e s t i n g  p r o s p e c t  i s  t h a t  g a s e s  of i n t e r n a l  l u n a r  
o r i g i n  a r e  p r e s e n t ,  i n  which c a s e  t h e i r  composi t ion w i l l  b e  of geo- 
chemical  i n t e r e s t ,  The c o l d  ca thode  gauge cannot  de te rmine  compos i t ion ,  
and D r .  Hoffman i s  b u i l d i n g  a  mass s p e c t r o m e t e r  t h a t  should  be v a l u a b l e  
i n  t h i s  connec t ion ,  The mass s p e c t r o m e t e r  shou ld  make s i g n i f i c a n t  
measurements even i n  t h e  p resence  of con tamina t ion ,  s o  l o n g  a s  t h e  
g a s e s  of geochemical  s i g n i f i c a n c e  a r e  d i f f e r e n t  from t h e  contaminant  
g a s e s .  The t ime  h i s t o r y  of response  should i d e n t i f y  contaminant  
g a s e s ,  a s  t h e y  should s lowly  f a d e  away, 
J ,  M. Car ro l l  i s  t h e  p r o j e c t  e n g i n e e r  on t h e  c o l d  c a t h o d e  
ALSEP exper iment ,  
F ,  S, Johnson 
K .  R, Hodges, Jr, 
1.1, B. Hurt 
T i l e  e f h e r s  of- etidy rnbxi-i~g a n d  o t h e r  t r a n s p o r t  processes;  on 
t h e  s t r u c t u r e  of  t h e  upper  atmosphere are being studied, From the 
h e a t  budge t ,  a n  e x c e s s  i n p u t  i s  found above each a l t i t u d e  i n  t h e  
mesosphere and thermosphere t h a t  can on ly  be d i sposed  of by down- 
w a r d , t r a n s p o r t ;  n e g l e c t i n g  l a r g e  s c a l e  c i r c u l a t i o n ,  a  world-wide 
a v e r a g e  v a l u e  f o r  t h e  eddy d i f f u s i o n  c o e f f i c i e n t  h a s  been c a l c u l a t e d .  
An e v a l u a t i o n  h a s  a l s o  been made of t h e  l a r g e  s c a l e  t r a n s p o r t  n e c e s s a r y  
t o  compensate f o r  t h e  l a t i t u d i n a l  v a r i a t i o n  i n  h e a t  i n p u t .  The t r a n s -  
p o r t  p r o p e r t i e s ,  b o t h  eddy mixing and l a r g e  s c a l e  c i r c u l a t i o n ,  a l s o  
a f f e c t  t h e  composi t ion.  P r e s e n t  i n v e s t i g a t i o n s  i n  t h i s  a r e a  a r e  
d i r e c t e d  toward deve lop ing  a  world-wide a tomic oxygen budge t .  
A l a b o r a t o r y  e f f o r t  i s  underway t o  e v a l u a t e  t h e  p o s s i b i l i t y  
of measur ing a tomic oxygen c o n c e n t r a t i o n s  i n  t h e  l u n a r  thermosphere 
by chemical  means. The concep t  p r o v i d e s  f o r  t h e  f low of ambient g a s  
through a r e a c t i o n  t u b e ,  i n t o  which a  g a s  is  t i t r a t e d  t o  r e a c t  w i t h  
a tomic oxygen and produce luminescence.  A measurement of t h e  lumin- 
escence  should be i n t e r p r e t a b l e  i n  terms of a tomic  oxygen c o n c e n t r a t i o n .  
The method a p p e a r s  p o t e n t i a l l y  promising f o r  measurements of concen- 
-3 t r a t i o n s  a s  low a s  10" atoms cm , 
3 .  Ion 14ass Spectrometer  f o r  ISIS-B S a t e l l i t e  
J .  H .  Hoffman 
An i o n  mass s p e c t r o m e t e r  has  been c o n s t r u c t e d  f o r  t h e  ISLS-B 
s a t e l l i t e .  The i n s t r u m e n t  s c a n s  t h e  mass range  1-64 amu and measures  
t h e  r e l a t i v e  abundances of t h e  i o n s  c o l l e c t e d  i n  t h i s  mass range  from 
t h e  ambient ionosphere  i n  ~ h e  vicinity of t h e  s a t e l l i t e ,  O r b i t a l  
parameters of  t h e  s a t e l l i t e  a re  1400 kii? circuLar wit11 an  i n c l i ~ z a t i o n  
i n  t h e  range  from 75 t o  88O, t h e  e x a c t  v a l u e  y e t  t o  be determined,  
Pin attitude control s y s k e r n  in the spacecraft will allow either a 
cartwheel (spin axis normal to orbital plane) or spin axis aligned 
in the orbital plane operation. 
One of the problems to be studied by this mass spectrometer 
experiment is the composition, energy, and distribution in time and 
space of the polar wind particles. The dominance of of, total ion 
3 - 3 
concentrations of the order of 10 ions cm (at mid-latitudes they 
4 4- 
are nearly 10 ) at 2500 km along with H upward streaming velocities 
to 10 to 15 kmlsec are all features of the polar wind. 
The mass spectrometer is a magnetic deflection instrument 
with two ion detector systems. Two ion beams emerge from the magnet 
after traversing paths of radii 2.00" and 0.707" and are simultaneously 
detected by electron multipliers and log electrometer amplifiers. A 
"Peaks" circuit following each amplifier detects the ion peak amplitude 
and transmits only this information back to earth at a large saving 
in telemeter bandwidth. The ion accelerating voltage is scanned 
over a factor of 8 in 1 second producing a scan of the mass ranges 
1-8 amu and 8-64 amu, simultaneously. The sensitivity of the instrument 
- 3 is of the order of 1 ion cm 
4, Lunar Orbital Mass Spectrometer 
4, H. Hoffman 
A primary scientific objective of the Mass Spectrometer 
Experiment is to obtain data on the composition and distribution of 
the lunar ambient dblnusghere in the mass range 12 to 66 amu to de tec t  
the exksrenre of aa atmosphere and to study its sorlrces, sinks, 
and transport rrrechanisms, A second goal is the detection of transient 
changes in composition due to venting of gases from the surface, or 
from man-made sources. The measurements of the lunar atmosphere will 
be accomplished utilizing a magnetic deflection sector-field mass 
spectrometer, mounted on a 24-foot boom extending from the Scientific 
Instrument Module (SIM) mounted in Bay 1 of the Apollo Service Module 
on flights 15 and 16. A plenum, that serves as the gas entrance 
system to the mass spectrometer, is pointed along the spacecraft 
velocity fector and acts as a scoop through which gases are rammed 
due to the motion of the spacecraft. Gas molecules emanating from 
the spacecraft are highly discriminated against due to the geometry 
of the plenum. The instrument samples the gases arriving through the 
plenum by ionizing them in the ion source with an electron beam 
generated by a hot filament. The ions are collumated into a beam 
and dispersed by a magnetic field into two separate collectors which 
detect ions in the mass ranges 12-28 and 28-66 amu. Two detection 
systems, one for each channel, accumulate counts which are transmitted 
to earth via the telemetry system. The mass spectrum is scanned by 
varying the ion accelerating voltage to the ion source in a step-wise 
manner approximating an exponential. When the counts per step are 
plotted against the step nmber, a digital representation of the mass 
spectrum is obtained, The amplitude o f  each peak in the spectrum 
determines the nurnber density of the parent gas species and the pasition 
I n  the spectrum ( s t e p  r r u ~ ~ h e i )  dentifies t h e  spec ies ,  
5. Lunar Atmospheric Composit ion Experiment 
J. H. Hoffman 
The major  o b j e c t i v e  of t h i s  exper iment  i s  t o  measure t h e  
composi t ion of t h e  l u n a r  a tmosphere  u s i n g  a magne t ic  s e c t o r - f i e l d  
mass spec t romete r  a s  p a r t  of a n  ELLSEP a r r a y  of exper iments  on 
Apol lo  1 7 .  A second o b j e c t i v e  is t h e  d e t e c t i o n  of t r a n s i e n t  changes  
i n  composi t ion due t o  v e n t i n g  of g a s e s  from t h e  s u r f a c e  o r  from man 
made s o u r c e s .  14ass Spec t romete rs  w i l l  p r o v i d e  t h e  means of d e t e r m i n i n g  
t h e  n a t u r a l  d i s t r i b u t i o n s  of g a s e s  i n  t h e  l u n a r  a tmosphere;  t h i s  
i n f o r m a t i o n  i s  e s s e n t i a l  i f  t h e  s o u r c e s ,  s i n k s  and t r a n s p o r t  of t h e s e  
g a s e s  a r e  t o  b e  unders tood .  S i n c e  t h e  l u n a r  a tmosphere  i s  a  c l a s s i c a l  
example of a n  exosphere ,  i t s  g l o b a l  s t r u c t u r e  can  be  used t o  t e s t  
t h e o r i e s  on exospher ic  t r a n s p o r t ,  which i s  an impor tan t  p r o c e s s  i n  
t h e  t e r r e s t r i a l  atmosphere.  
The i n s t r u m e n t  samples t h e  g a s e s  a r r i v i n g  a t  i t s  e n t r a n c e  
by i o n i z i n g  them i n  t h e  i o n  s o u r c e  w i t h  an  e l e c t r o n  beam g e n e r a t e d  by 
a  h o t  f i l a m e n t .  The i o n s  a r e  col lumated i n t o  a  beam and a c c e l e r a t e d  
i n t o  a  magnet ic  f i e l d  which t h e n  s e p a r a t e s  i t  i n t o  t h r e e  beams. Three  
s e p a r a t e  c o l l e c t o r s  d e t e c t  i o n s  of mass r a t i o s  1:12:27.4 s i m u l t a n e o u s l y .  
The mass r a n g e s  scanned a r e  1-4; 12-48; 27.4-110 amu. The mass spectrum 
i s  scanned by v a r y i n g  t h e  i o n  a c c e l e r a t i n g  v o l t a g e  t o  t h e  i o n  s o u r c e  
i n  a  s tep-wise  manner approximat ing an  e x p o n e n t i a l ,  The s t e p p i n g  c o n t r o l  
sys tem i s  updated by t h e  frame sync p u l s e  from t h e  C e n t r a l  P r o c e s s o r  
l o c a t e d  some f i f t y  f e e t  from the exper iment .  Lon c o u n t s  a r e  accumulated 
by a  d e l e c i i o i ?  bystein, one f o i  each of t h e  thrtii; chaiinels,  czuaing 
each of t h e  v o l t a g e  s t e p s  of t h e  mass s c a n ,  and when p l o t t e d  a g a i n s t  
s t e p  number y i e l d s  a  d i g i t a l  r e p r e s e n t a t i o n  of t h e  Inass spec t rum,  
The a m p l i t u d e  of  each peak i n  t h e  spec t rum d e t e r m i n e s  t h e  number 
d e n s i t y  of t h e  p a r e n t  g a s  s p e c i e s  and t h e  p o s i t i o n  i n  t h e  spect rum 
( s t e p  number) i d e n t i f i e s  t h e  s p e c i e s .  
6 .  Rocket P r o b e s  f o r  t h e  F-Region 
W .  B.  Hanson 
Continued a n a l y s i s  of t h e  Upper-F r e g i o n  r o c k e t  s e r i e s  
( J a v e l i n )  d a t a  h a s  u t i l i z e d  a  l e a s t - s q u a r e s  c u r v e  f i t t i n g  program a s  
used on t h e  OGO V I  i o n  t r a p  d a t a  t o  o b t a i n  i o n  t e m p e r a t u r e ,  t o t a l  
i o n  c o n c e n t r a t i o n ,  and v e h i c l e  p o t e n t i a l .  The a n a l y s i s  showed t h a t  
t h e  p r i n c i p a l  i o n  was 0' up t o  a t  l e a s t  700 lcm w i t h  p robab ly  a s  much 
' 
a s  10% H above t h a t .  I o n  t e m p e r a t u r e  r e s u l t s  show a n  i s o t h e r m a l  
r e g i o n  of around 1400°K up t o  500 km. A t  t h a t  p o i n t  t h e  i o n  tempera- 
t u r e  s t a r t s  t o  i n c r e a s e  and r e a c h e s  2300°K a t  792 km, t h e  maximum 
h e i g h t .  The l e a s t  s q u a r e s  program a l s o  r e v e a l s  good agreement between 
t h e  l i n e a r  i o n  t r a p  and t h e  l o g a r i t h m i c  i o n  t r a p  w i t h  r e g a r d  t o  i o n  
c o n c e n t r a t i o n  and i o n  t e m p e r a t u r e .  The i o n  c o n c e n t r a t i o n  of t h e  l o g  
t r a p  f a l l s  abou t  3% below t h a t  of t h e  l i n e a r  t r a p  w h i l e  t h e  i o n  
t e m p e r a t u r e  of t h e  log  t r a p  i s  about  10% below t h a t  of t h e  l i n e a r  t r a p ,  
R e s u l t s  from t h e  J a v e l i n  8.53 mass spectrometer which was 
launched from N a t a l ,  B r a z i l ,  i n  June  1969 a re  b e i n g  ana lysed  in t d i - $ u s  
of a t i ieoreticaf model  t h a t  takes i n t o  account a i l  k l a e  i~- i ic \- / i~ pro< rai.;e; 
f +  that determine the equatorial distributions of the ions H , He , 
0* and N' above the F2 peak. Dr. R. J. Moffett is cooperating in 
this effort. 
A paper on the minor ion concentrations up to 800 km at the 
magnetic equator, which utilized the 8.53 data, was presented at the 
COSPAR meeting in Leningrad, USSR, May 1970. 
To investigate the region below 300 km, two Nike-Tomahawk 
payloads have been prepared to launch in the early summer of 1971 
which should complement the Javelin measurements. The Nike-Tomahawk 
instrumentation will measure ion temperature, ion concentration, 
electron temperature, and ion composition. 
These rocket measurements and interpretations are being carried 
out by W. B. Hanson, R. J. Moffett, S. Sanatani, C. R. Lippincott, 
D .  Zuccaro, and D. Frame. 
7 .  Ionospheric Duct Detector for OGO-F 
W. B. Hanson 
The successful launch of OGO-F (now called OGO-VI) took place 
on June 5, 1969. Excellent data have been received from the duct 
detector since its turn-on on orbit #20. Analysis of the data has 
been proceeding in an orderly fashion, with the sophistication of the 
computer programs increasing as the quality and quantity of the incoming 
data increased. 
S e v e r a l  hundred o r b i t s  of d a t a  have been ana lysed  f o r  i o n  
t e m p e r a t u r e ,  i o n  c o n c e n t r a t i o n ,  and i o n  composi t ion.  I t  a p p e a r s  t h a t  
r e l i a b l e  measurements of i o n  t empera tu re  a r e  be ing  made t o  an accuracy  
b e t t e r  t h a n  10% (and q u i t e  p o s s i b l y  b e t t e r  t h a n  5%) i n  a q u i e t  iono- 
s p h e r e ,  b u t  comparisons w i t h  o t h e r  t e c h n i q u e s  a r e  needed t o  e s t a b l i s h  
t h i s  c o n c l u s i v e l y  (Hanson e t  a l . ,  1970) .  
I n  t h e  dawn-dusk p l a n e  t h e  i o n  t empera tu re  i s  observed t o  
v a r y  from 1000°K t o  4000°K, where t h e  h i g h e r  t e m p e r a t u r e s  a r e  a s s o c i a t e d  
w i t h  t h e  h i g h e r  a l t i t u d e s  i n  t h e  w i n t e r  hemisphere .  
Heavy i o n s  of about  mass 56 AMU, probab ly  i r o n  i o n s ,  a r e  
observed t o  b e  p r e s e n t  a t  h e i g h t s  w e l l  above t h e  F peak a t  concen t ra -  2 
2 -3 t i o n s  of t h e  o r d e r  of 1 0  cm . Another i o n  ( o r  i o n s )  of i n t e r m e d i a t e  
mass (30 AMU) and comparable c o n c e n t r a t i o n s  i s  a l s o  observed ,  b u t  i t s  
i d e n t i f i c a t i o n  is  now o b s c u r e .  The heavy i o n s  a r e  a  r a t h e r  common 
f e a t u r e  of t h e  n i g h t t i m e  ionosphere  (Hanson and S a n a t a n i ,  1970) .  
F luxes  of e l e c t r o n s  w i t h  energy g r e a t e r  t h a n  1 0  ev  of t h e  
8 -2 -1 
o r d e r  o f  1 0  cm s e c  a r e  observed t h a t  change r a t h e r  smoothly w i t h i n  
t h e  plasmasphere  b u t  show r a p i d  and l a r g e  v a r i a t i o n s  a t  h i g h e r  l a t i t u d e s .  
The d u c t  mode performs even b e t t e r  t h a n  a n t i c i p a t e d .  These 
measurements have r e v e a l e d  c o n s i d e r a b l e  h o r i z o n t a l  f i n e  s t r u c t u r e  i n  
i o n  c o n c e n t r a t i o n  down t o  v e r y  s m a l l  f r a c t i o n a l  ampl i tude  changes.  On 
o c c a s i o n  a t  low l a t i t u d e s  t h e  ionosphere  i s  observed t o  be  smooth t o  
one p a r t  i n  a  thousand over  d i s t a n c e s  of s e v e r a l  hundred k i l o m e t e r s .  
Over t h e  p o l a r  r e g i o n s ,  t h e r e  e x i s t  l a r g e  h o r i z o n t a l  c o n c e n t r a t i o n  
g r a d i e n t s ,  
The @GO-VI  s a t e l l i t e  has  a  v a r i e t y  of exper iments  which,  
t a k e n  t o g e t h e r ,  p r o v i d e  a  r a t h e r  u n i f i e d  p i c t u r e  of t h e  behavior  of 
e a r t h ' s  ionosphere  and atmosphere a s  a f u n c t i o n  of l a t i t u d e ,  a l t i t u d e  
and l o c a l  t ime .  We a r e  c o o p e r a t i n g  w i t h  many of t h e  a p p r o p r i a t e  
exper imente r s  t o  b r i n g  f o r t h  t h i s  u n i f i e d  p i c t u r e .  A d d i t i o n a l  
c o r r e l a t i o n  s t u d i e s  a r e  be ing  c a r r i e d  o u t  w i t h  ground based e x p e r i -  
ments  a t  Boulder ,  J i c a m a r c a  and Arecibo.  
D r .  W. B. Hanson i s  P r i n c i p a l  I n v e s t i g a t o r  f o r  t h i s  i n s t r u m e n t .  
D r .  S. S a n a t a n i  and Fred M e t r a i l e r  have p layed  impor tan t  r o l e s  i n  t h e  
d a t a  h a n d l i n g  p r o c e s s e s .  
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8 .  I o n  Mass Spectrometer  f o r  OGO-F 
W .  B .  Hanson 
The magnet ic  d e f l e c t i o n  ion-mass s p e c t r o m e t e r  on OGO-VI was 
t u r n e d  on d u r i n g  o r b i t  1/36, two and one h a l f  days  a f t e r  l aunch .  Data 
were  o b t a i n e d  f o r  t h e  n e x t  20 o r b i t s ,  and t h e n  t h e  e l e c t r o m e t e r  o u t p u t  
went t o  z e r o  and h a s  remained t h e r e .  Quick look  d a t a  show t h a t  t h e  
spec t romete r  was q u i t e  s e n s i t i v e ,  and t h a t  a l l  modes of o p e r a t i o n  
could be o p e r a t e d  s u c c e s s f u i l y .  
The r e s u l t i n g  3000 minutes  of d a t a  were ana lysed  and 
compared w i t h  r e s u l t s  of t h e  d u c t  d e t e c t o r  and t h e  o t h e r  mass spec- 
t r o m e t e r  on OGO-VI .  There  was some unknown random paramete r  a f f e c t i n g  
t h e  o u t p u t  of t h i s  i n s t r u m e n t  caus ing  t h e  d a t a  t o  b e  i n c o n s i s t e n t .  
A n a l y s i s  was t e r m i n a t e d  i n  J u l y  on e x p i r a t i o n  of t h e  c o n t r a c t ,  and a  
f i n a l  r e p o r t  was submi t t ed  d e f i n i n g  t h e  h i s t o r y  and r e s u l t s  of t h i s  
exper iment .  
D r .  W. B .  Hanson i s  P r i n c i p a l  I n v e s t i g a t o r  f o r  t h i s  i n s t r u m e n t .  
M r .  Fred P l e t r a i l e r  i s  r e s p o n s i b l e  f o r  t h e  d a t a  h a n d l i n g  p rocedures .  
9 .  Viking Program 
W .  B .  Hanson 
D r .  Hanson was s e l e c t e d  t o  t h e  Viking e n t r y  s c i e n c e  team, 
and t h e  i n s t r u m e n t  he  sugges ted  f o r  t h e  e n t r y  s c i e n c e ,  a  r e t a r d i n g  
p o t e n t i a l  a n a l y s e r  (RPA), h a s  been i n c o r p o r a t e d  i n t o  t h e  payload.  
The RPA w i l l  b e  used a s  a  m u l t i p u r p o s e  i n s t r u m e n t .  It  i s  
hoped t h a t  t h e  f o l l o w i n g  i n f o r m a t i o n  w i l l  be  d e r i v e d  from i t s  measure- 
ment s : 
a . )  The p o s i t i o n  of t h e  s o l a r  wind shock boundary 
b . )  Whether o r  n o t  a  Chapman-Ferraro c u r r e n t  s h e e t  s e p a r a t e s  
t h e  ionosphere  from t h e  shocked r e g i o n  
c . )  The e l e c t r o n  and i o n  t empera tu res  i n  t h e  Lower i o n o s p h e r e  
d , )  The c o n c e n t r a t i o n  and composi t ion of t h e  lower i o n o s p h e r e  
T h i s  i n f o r m a t i o n ,  t o g e t h e r  w i t h  t h a t  provided by t h e  n e u t r a l  
mass spectrometer, shau ld  p r o v i d e  a reasonable b a s i s  f o r  f u r t h e r  
t h e o r e t i c a l  work on t h e  s o l a r  wind and Mar t i an  atmosphere i n t e r a c t i o n ,  
which w i l l  have a  d i r e c t  impact on t h e  e v o l u t i o n  of t h e  Mar t i an  atmos- 
phere .  I n  a l l  l i k e l i h o o d ,  many of t h e  concep t s  emerging from t h i s  
work w i l l  a l s o  be a p p l i c a b l e  t o  Venus. 
10.  The P i o n e e r  I n t e r p l a n e t a r y  Probe  Programs 
R. P. Bukata 
A l l  of t h e  UTD P i o n e e r  6-9 d e t e c t o r  sys tems have been des igned  
t o  p r o v i d e  co-ordinated measurements on t h e  n a t u r e  and d e g r e e  of low 
energy (k 100 l?eV/nucleon) cosmic r a y  p r o p a g a t i o n  w i t h i n  t h e  magne t ic  
f i e l d  s t r u c t u r e s  which d e f i n e  t h e  i n n e r  s o l a r  sys tem.  They a r e  equipped 
t o  accumulate  d a t a  p e r t i n e n t  t o  t h e  d e g r e e  o f  a n i s o t r o p y  p r e s e n t  i n  
b o t h  t h e  f l a r e - i n i t i a t e d  and q u i e s c e n t  cosmic r a y  f l u x e s ,  t h e  energy 
s p e c t r a  of t h e  p r o t o n  and a l p h a  p a r t i c l e  components of t h e  cosmic 
r a d i a t i o n ,  and t h e  t empora l  v a r i a t i o n s  of each of t h e s e  component 
f l u x e s .  The d e t e c t o r s  b a s i c a l l y  comprise a  s c i n t i l l a t i o n  c r y s t a l  
e n c a p s u l a t e d  w i t h i n  a  p l a s t i c  a n t i - c o i n c i d e n c e  cup and u t i l i z e  " a s p e c t  
c lock"  c i r c u i t r y  t o  s t u d y  cosmic r a y  a n i s o t r o p i e s  w i t h i n  t h e  e c l i p t i c  
p l a n e  t o  a  v e r y  h i g h  d e g r e e  of accuracy .  I n  a d d i t i o n  t o  t h e  s c i n t i l l a -  
t i o n  c o u n t e r s ,  P i o n e e r s  8 and 9 a l s o  i n c l u d e  a  t r i - t e l e s c o p e  c o n f i g u r a t i o n  
of f o u r  s o l i d - s t a t e  d e t e c t o r s  t o  p r o v i d e  a n i s o t r o p y  i n f o r m a t i o n  on t h e  
p r o p a g a t i o n  of low energy (3-10 14eV) cosmic r a y  f l u x e s  whose i n c i d e n t  
d i r e c t i o n s  of a r r i v a l  a t  t h e  s p a c e c r a f t  make a n g l e s  a s  l a r g e  a s  - +50° 
t o  t h e  e c l i p t i c  p l a n e .  
Many of t h e  UT D a l l a s  r e s u l t s  from t h e  P ioneer  s p a c e c r a f t s  
have appeared r e c e n t l y  i n  t h e  s c i e n t i f i c  l i t e r a t u r e .  A p a r t i a l  l ist  
of t h e s e  r e s u l t s  and s t u d i e s  c u r r e n t l y  b e i n g  under taken  would i n c l u d e :  
( a )  S t u d i e s  of t h e  h e l i o c e n t r i c  l o n g i t u d e  d e n s i t y  g r a d i e n t .  
It h a s  been shown t h a t  pe r fo rming  s imul taneous  measurements of cosmic 
ray  i n t e n s i t y  a t  d i f f e r e n t  h e l i o l o n g i t u d e s  e n a b l e s  a n  e s t i m a t e  of 
t h e  az imutha l  g r a d i e n t  of cosmic r a y  f l u x ,  which is  e s s e n t i a l  f o r  
e s t i m a t i n g  t h e  s o l a r  f l a r e  l o c a t i o n  a s  w e l l  a s  unders tand ing  t h e  decay 
e f f e c t s .  
(b)  S t u d i e s  of t h e  decay phase  of s o l a r  f l a r e  e f f e c t s .  It  
has  been shown t h a t  t h e  decay of a  f l a r e  enhancement i s  comple te ly  
governed by t h e  c o n v e c t i o n  by t h e  s o l a r  wind and t h e  az imutha l  g r a d i e n t .  
(c) S t u d i e s  of t h e  a n i s o t r o p i c  p a r t i c l e  p r o p a g a t i o n  of s o l a r  
i n j e c t e d  cosmic r a d i a t i o n .  It h a s  been shown t h a t  t h e  a n i s o t r o p y  
observed d u r i n g  s o l a r  f l a r e  e f f e c t s  undergoes a  n a t u r a l  t h r e e  phase  
e v o l u t i o n .  These t h r e e  phases  may b e  t a k e n  a s :  
Phase  1: F i e l d  a l i g n e d  a n i s o t r o p i e s  i n d i c a t i v e  of a  h i g h  
o r d e r  of "gu id ing-cen te r"  mot ion.  The a n i s o t r o p i e s  a r e  g e n e r a l l y  
a l i g n e d  a l o n g  t h e  l o c a l  Archimedes s p i r a l  c o n f i g u r a t i o n ,  and t h u s  
u s u a l l y  appear  a s  a r r i v i n g  from t h e  w e s t .  A f t e r  a1 day t h i s  h i g h  
d e g r e e  of p a r t i c l e  c o l l i m a t i o n  g r a d u a l l y  becomes 
Phase  2 :  E q u i l i b r i u m  a n i s o t r o p i e s  from t h e  g e n e r a l  Sun 
d i r e c t i o n ,  I n  t h i s  phase  t h e  cosmic ray  e v a c u a t i o n  i s  l a r g e l y  under  
t h e  c o n t r o l  of t h e  c o n v e c t i v e  p r o p e r t i e s  of t h e  so la r  wind.  T h i s  
phase  usuaLLy o c c u r s  between 1-4 days  a f t e r  t h e  i n i t i a l  i n j e c t i o n  
and r a t h e r  q u i c k l y  g i v e s  way t o  
Phase  3: Equi l ib r ium a n i s o t r o p i e s  from d i r e c t i o n s  c l o s e  t o  
45" E a s t  of t h e  s a t e l l i t e  sun  l i n e .  During t h i s  phase  i n  t h e  
f l a r e  e v e n t ,  t h e  d i f f u s i v e  component of t h e  cosmic r a y  p o p u l a t i o n  
becomes s i g n i f i c a n t  enough t o  c a u s e  t h e  b u l k  motion of t h e  cosmic 
r a y  magnet ic  f i e l d  l i n e s .  
(d) S t u d i e s  of low energy p a r t i c l e  p r o p a g a t i o n  d u r i n g  s o l a r  
f l a r e  e f f e c t s .  Of p a r t i c u l a r  i n t e r e s t  was t h e  "back s i d e  of t h e  sun" 
s o l a r  f l a r e s  of January  28 ,  1967 and Ilarch 30, 1969, i n  which d e t a i l e d  
s t u d i e s  were performed u t i l i z i n g  d a t a  from t h e  s t r a t e g i c a l l y  l o c a t e d  
P i o n e e r s  6 and 7 s p a c e c r a f t s  and t h e  worldwide network of s u p e r  n e u t r o n  
moni to r s .  
( e )  A c o l l a b o r a t i v e  e f f o r t  w i t h  t h e  Goddard Space F l i g h t  
c e n t e r ' s  IMP-C d a t a  r e s u l t e d  i n  a  s t u d y  of t h e  long l i v e d  r e g i o n s  
of modulated cosmic r a y  f l u x  f o l l o w i n g  t h e  g e n e r a l  s p i r a l  c o n f i g u r a t i o n  
of t h e  i n t e r p l a n e t a r y  magne t ic  f i e l d  a s  t h e  f i e l d  s t r u c t u r e s  c o - r o t a t e  
w i t h  t h e  sun.  
( f )  An in te rcompar i son  of t h e  P i o n e e r  8 d a t a  w i t h  t h e  UT 
D a l l a s  IMP-F d a t a  i n i t i a t e d  a  f r u i t f u l  s t u d y  of t h e  c o - r o t a t i n g  e l e c t r o n  
e v e n t  of J u l y  1 3 ,  1968. 
(g)  A s t u d y  of t h e  t ime  dependence and modulat ion of g a l a c t i c  
a l p h a  p a r t i c l e s  a t  c o n d i t i o n s  of s o l a r  minimum has  i n d i c a t e d  a  v e l o c i t y  
dependence f o r  t r a n s i e n t .  modulat ion phenomena, and a "quie t - t imeP'  s o l a r -  
o r i g i n  p r o t o n  flux which i s  approximately  e q u a l  t o  t h e  g a l a c t i c  p r o t o n  f l u x ,  
(h) S t u d i e s  of t h e  r a d i a l  g r a d i e n t  of i n t e r p l a n e t a r y  cosmic 
r a d i a t i o n  have i n d i c a t e d  a  s m a l l  p o s i t i v e  r a d i a l  g r a d i e n t  [ ( 3 . 5  & 2 ) %  
per  AU] f o r  124-304 MeV a l p h a  p a r t i c l e s ,  c o n s i s t e n t  w i t h  a  g a l a c t i c  
o r i g i n  f o r  t h i s  n u c l e a r  s p e c i e s ,  and a  n e g a t i v e  r a d i a l  g r a d i e n t  f o r  t h e  
p r o t o n  f l u x  [ - (21  - +5)% p e r  AU f o r  p r o t o n s  > 7 , 5  MeV], c o n s i s t e n t  w i t h  
a  l a r g e  s o l a r  o u t f l o w  a t  low e n e r g i e s .  
The P ioneer  s p a c e c r a f t  exper iments  a r e  b e i n g  conducted by 
Drs. R. P ,  Bukata ,  K.  G .  McCracken (now a t  t h e  U n i v e r s i t y  of A d e l a i d e ,  
A u s t r a l i a )  and U .  R. Rao (now a t  t h e  P h y s i c a l  Research Labora to ry ,  I n d i a ) .  
I l r .  E .  P ,  Keath i s  working toward a  d o c t o r a t e  t o  b e  g r a n t e d  by North  
Texas S t a t e  U n i v e r s i t y ,  
11. The Neutroe Monitor 
R. A. R .  Pa lmei ra  
The U n i v e r s i t y  of Texas a t  D a l l a s  o p e r a t e s  two super  n e u t r o n  
moni to r s  a t  F o r t  C h u r c h i l l ,  Manitoba,  and D a l l a s ,  Texas.  The p r e s s u r e  
c o r r e c t e d  h o u r l y  averages  from t h e s e  two moni to r s  a r e  d i s t r i b u t e d  
on a  r e g u l a r  b a s i s  t o  t h e  cosmic r a y  community. I n  a d d i t i o n ,  t h e  
p r e s s u r e  c o r r e c t e d  d a i l y  a v e r a g e s  a r e  s e n t  each month t o  t h e  Environ- 
m e n t a l  Data S e r v i c e  of t h e  N a t i o n a l  Oceanic and Atmospheric A d m i n i s t r a t i o n ,  
and a r e  p u b l i s h e d  monthly i n  t h e  Solar-Geophysical  Data B u l l e t i n  as 
p a r t  of t h e  cosmic r a y  i n d i c e s  of s o l a r  a c t i v i t y .  
On November 1 8 ,  1968, an  i n c r e a s e  of approximately  1 2 %  was 
recorded 1337 t h e  C h u r c h i l l  n e u t r o n  moni to r ,  The Dallas monitor  recorded 
a s t a c i s t i c a l i y  significant increase o f  only  1 , 6 % ,  Detailed a n a l y s i s  
of t h e  p e r c e n t a g e  i n c r e a s e s  d e t e c t e d  by t h e  worldwide n e u t r o n  moni tor  
network,  t a k i n g  i n t o  account  t h e  asympto t ic  d i r e c t i o n  of v iewing of 
each s t a t i o n ,  l e a d  t o  t h e  c o n c l u s i o n  t h a t  t h e  a r r i v a l  of t h e  p a r t i c l e s  
a t  t h e  o r b i t  of t h e  e a r t h  was h i g h l y  a n i s o t r o p i c ,  t h e  on ly  s t a t i o n s  
d e t e c t i n g  any a p p r e c i a b l e  i n c r e a s e  be ing  t h o s e  t h a t  a t  t h e  t i m e  o f  
t h e  s o l a r  i n j e c t i o n  were l o o k i n g  i n  t h e  d i r e c t i o n s  between 0 and 90' 
west  of t h e  ea r th - sun  l i n e .  Th i s  a n i s o t r o p y  i n  t h e  p a r t i c l e  d i r e c t i o n  
of a r r i v a l  i s  c o n s i s t e n t  w i t h  t h e  known l o c a t i o n  of t h e  p a r e n t  f l a r e  
(%90° w e s t )  and t h e  i d e a l i z e d  Archimedes s p i r a l  c o n f i g u r a t i o n  of t h e  
i n t e r p l a n e t a r y  magne t ic  f i e l d  l i n e s .  S a t e l l i t e  measurements of t h e  
a n i s o t r o p y  i n  s p a c e ,  o u t s i d e  t h e  i n f l u e n c e  of t h e  e a r t h ' s  magnet ic  
f i e l d ,  y i e l d e d  a n  a n i s o t r o p y  i n  t h e  1-100 MeV energy range  w i t h  t h e  
same d i r e c t i o n  of maximum i n t e n s i t y  a s  found i n  t h e  h i g h e r  e n e r g i e s  
d e t e c t e d  by t h e  n e u t r o n  moni to r s .  
Another s o l a r  f l a r e  i n c r e a s e  ana lyzed  i n  d e t a i l  was t h a t  
which occur red  on March 30,  1969. The n e u t r o n  moni tor  coun t ing  r a t e  
i n c r e a s e  w a s  q u i t e  s m a l l  ( ~ 5 %  i n  C h u r c h i l l ,  and ~ 1 %  i n  D a l l a s ) ,  b u t  
t h e  h i g h  coun t ing  r a t e s  of t h e  super-neutron moni to r s  r e n d e r  even such 
minor i n c r e a s e s  amenable t o  d e t a i l e d  a n a l y s i s .  I n  t h i s  p a r t i c u l a r  
e v e n t ,  i t  cou ld  b e  shown t h a t  a l though  on t h e  whole t h e  i n c r e a s e  was 
n e a r l y  i s o t r o p i c ,  a  s m a l l  a n i s o t r o p y  from e a s t  of t h e  ea r th - sun  l i n e  
was p r e s e n t  a t  t h e  t ime  of t h e  maximum i n t e n s i t y .  T h i s  a n i s o t r o p y ,  
however, was s m a l l  s o  t h a t  a  method developed t o  c a l c u l a t e  t h e  r i g i d i t y  
spectrum f o r  i s o t r o p i c  i n c r e a s e s  could  be  u s e d ,  y i e l d i n g  a  v a l u e  of 
- 3 - 9  - f 0 . 1  f o r  the exponent of t h e  power law r i g i d i t y  spec t rum,  
A s t u d y  of t h e  semi-d iu rna l  component of t h e  cosmic r a y  
v a r i a t i o n  h a s  been s t a r t e d .  Data from s t a t i o n s  s e l e c t e d  on t h e  b a s i s  
of t h e i r  g e o g r a p h i c a l  l o c a t i o n  and r e l i a b i l i t y  of o p e r a t i o n  w i l l  b e  
s u b j e c t e d  t o  a s t a n d a r d  F o u r i e r  a n a l y s i s ,  from which t h e  t r u e  a m p l i t u d e  
and d i r e c t i o n  of maximum of t h e  a n i s o t r o p y  r e s p o n s i b l e  f o r  t h e  semi- 
d i u r n a l  v a r i a t i o n  w i l l  be  c a l c u l a t e d .  T h i s  c a l c u l a t i o n  w i l l  b e  performed 
f o r  t h e  p r e s e n t  s o l a r  c y c l e  s t a r t i n g  i n  1964, and t h e  r i g i d i t y  dependence 
of t h e  a n i s o t r o p y ,  and i t s  t ime  v a r i a t i o n  w i t h  t h e  s o l a r  c y c l e  a c t i v i t y  
w i l l  b e  e v a l u a t e d .  These r e s u l t s  w i l l  p r o v i d e  a test on c u r r e n t  models 
f o r  t h e  semi-d iu rna l  v a r i a t i o n ,  based on cosmic-ray d e n s i t y  g r a d i e n t s  
p e r p e n d i c u l a r  t o  t h e  e c l i p t i c  p l a n e .  
1 2 .  The I n t e r p l a n e t a r y  I4oni tor ing P l a t f o r m  (IMP) Program 
R. A .  R .  Pa lmei ra  
F .  R .  Allum 
The IMP F (Explore r  34) s a t e l l i t e  was launched on May 24 ,  
1967,  i n t o  a  h i g h l y  e c c e n t r i c  g e o c e n t r i c a l  o r b i t ,  w i t h  an  apogee of 
31%. It c a r r i e d  t h e  f i r s t  of a  s e r i e s  of two UTD cosmic ray  a n i s o t r o p y  
exper iments  des igned  by F. R. Allum, W .  C .  B a r t l e y ,  J .  R. H a r r i e s ,  K. G .  
l?cCracken, R.  A.  R.  P a l m e i r a ,  and U. R. Rao. S i n c e  t h e  s a t e l l i t e  spends  
over  60% of i t s  t ime f a r  beyond t h e  magnetosphere,  t h i s  exper iment  i s  
w e l l  s u i t e d  t o  measure t h e  d e g r e e  o f  a n i s o t r o p y  of t h e  g a l a c t i c  and 
s o l a r  components of t h e  cosmic r a d i a t i o n  i n  t h e  energy range 1 t o  100 
t?eV/nucleon. The Explore r  34 s p a c e c r a f t  remained i n  o r b i t  u n t i l  A p r i l  
1969 when it descended and burned o u t  i n  t h e  atmosphere.  The UT D a l l a s  
cosmic ray a n i s o t r o p y  exper iment  worked p r o p e r l y  u n t i l  t h a t  t i m e ,  w i t h  
t h e  e x c e p t i o n  of t h e  p r o p o r t i o n a l  c o u n t e r  t h a t  s topped o p e r a t i n g  
i n  March 1968. 
The IMP G (Explore r  41) s a t e l l i t e  was launched on June  21,  
1969, i n t o  a  v e r y  s i m i l a r  o r b i t  t o  t h a t  of t h e  IMP F. It c a r r i e d  
t h e  second of t h e  s e r i e s  of low energy cosmic r a y  a n i s o t r o p y  e x p e r i -  
ments  des igned  and b u i l t  by t h e  cosmic r a y  group of The U n i v e r s i t y  of 
Texas a t  D a l l a s .  To d a t e ,  t h i s  s a t e l l i t e  is  s t i l l  o p e r a t i o n a l  and t h e  
UTD cosmic r a y  d e t e c t o r  i s  working p r o p e r l y  s i n c e  t h e  t i m e  of t h e  
l aunch .  
The p r i n c i p a l  c o n c l u s i o n s  drawn from a l l  t h e  d a t a  from t h e s e  
two s a t e l l i t e s  can be  summarized a s  f o l l o w s :  
(a) The f requency  of o c c u r r e n c e  of s o l a r  f l a r e s  c a p a b l e  
of a c c e l e r a t i n g  1-10 MeV p a r t i c l e s  is  much l a r g e r  t h a n  f o r  h i g h e r  
energy p a r t i c l e s .  The amount of t h e  i n c r e a s e  v a r i e s  from a  few t e n s  
of p e r c e n t  t o  s e v e r a l  o r d e r s  of magni tude.  
(b)  Large f i e l d  a l i g n e d  a n i s o t r o p i e s  (40-80%) a r e  observed 
d u r i n g  t h e  r i s e  t ime of t h e  p r o t o n  s o l a r  e v e n t s .  The ampl i tude  o f  
t h e  f i e l d  a l i g n e d  a n i s o t r o p y  a t  low e n e r g i e s  (%1 MeV) is  independent  
of t h e  r i s e  t ime of t h e  f l a r e  e v e n t ,  and t h e  p o s i t i o n  of t h e  p a r e n t  
f l a r e ,  b u t  depends on t h e  p a r t i c l e  energy ,  t h e  a n i s o t r o p y  be ing  l a r g e r  
a t  lower p a r t i c l e  e n e r g i e s .  
( c )  During t h e  e a r l y  p a r t  of t h e  decay of t h e  p r o t o n  f l a r e  
even t  (T<4 d a y s ) ,  t h e  cosmic-ray p o p u l a t i o n  e x h i b i t s  r a d i a l  e q u i l i b r i u m  
a n i s o t r o p y  v a r y i n g  i n v e r s e l y  w i t h  t h e  p a r t i c l e  v e l o c i t y  and d i r e c t l y  
w i t h  the solar wind velocity, The e q u i l i b r i u m  a n i s o r r o p y  d u r i n g  this 
p e r i o d  Ls due t o  c o n v e c t i v e  removal of the particles by the r a d i a l l y  
moving s o l a r  wind. 
(d) During l a t e  t imes  i n  t h e  decay o f  t h e  f l a r e  e v e n t  (T>4 
d a y s ) ,  t h e  d i r e c t i o n  of t h e  e q u i l i b r i u m  a n i s o t r o p y  i s  from 45" E a s t  
of t h e  ea r th - sun  l i n e .  T h i s  a n i s o t r o p y  can b e  i n t e r p r e t e d  i n  terms of 
a p o s i t i v e  d e n s i t y  g r a d i e n t  o f  cosmic r a y  p a r t i c l e s  be ing  s e t  up n e a r  
t h e  o r b i t  of  t h e  e a r t h .  T h i s  g r a d i e n t  t h e n  d r i v e s  a  d i f f u s i v e  c u r r e n t  
a l o n g  t h e  i n t e r p l a n e t a r y  magnet ic  f i e l d  l i n e s  toward t h e  sun ,  which,  
when combined w i t h  t h e  c o n v e c t i v e  removal,  produces  t h e  observed 
e a s t e r n  a n i s o t r o p y .  The ampl i tudes  of t h e  a n i s o t r o p y  d u r i n g  t h e  decay 
of t h e  even t  a r e  of t h e  o r d e r  o f  5-15%. 
( e )  The c r o s s i n g  of magnet ic  s e c t o r  boundar ies  seems t o  
p ro long  t h e  non-equi l ibr ium a n i s o t r o p y  of s o l a r  p r o t o n  e v e n t s ,  The 
e q u i l i b r i u m  a n i s o t r o p y  i s  n o t ,  however, a f f e c t e d  by t h e s e  boundary 
c r o s s i n g s .  
( f )  The t ime  p r o f i l e s  of low energy s o l a r  p r o t o n  e v e n t s  
show complicated s t r u c t u r e s  d u r i n g  bo th  t h e  o n s e t  and decay phase  of 
t h e  e v e n t .  Whereas h i g h e r  energy p a r t i c l e s  show a smooth e x p o n e n t i a l  
decay,  t h e  lower energy p a r t i c l e s  show complicated f e a t u r e s  and seem 
t o  decay w i t h  a  much s lower  t ime  c o n s t a n t .  T h i s  s lower  decay i s  
e x p l a i n a b l e  i n  terms of a l a r g e r  i n f l u e n c e  of t h e  az imutha l  d e n s i t y  
g r a d i e n t  at lower e n e r g i e s ,  
( g )  The p r o b a b i l i t y  of o b s e r v i n g  e l e c t r o n s  r e l e a s e d  by 
a  s o l a r  f l a r e  i s  a  s t r o n g  f u n c t i o n  of t h e  s o l a r  l o n g i t u d e  of t h e  
p a r e n t  f l a r e .  T h i s  p r o b a b i l i t y  i s  a  maximum f o r  f l a r e s  l o c a t e d  ~45'W 
on t h e  s o l a r  d i s k .  T h i s  ev idence  i s  i n  accord w i t h  t h e  h y p o t h e s i s  
t h a t  t h e  e l e c t r o n s  p r o p a g a t e  a l o n g  t h e  Archimedes s p i r a l  i n t e r p l a n e t a r y  
magnet ic  f i e l d  . 
(h)  The o n s e t  of t h e  enhancement f o r  e l e c t r o n s  of e n e r g i e s  
z70  keV t a k e s  p l a c e  about  20 minu tes  e a r l i e r  t h a n  t h e  o n s e t  of 1 MeV 
p r o t o n s .  The t i m e  d i s p e r s i o n  i s  c o n s i s t e n t  w i t h  t h e i r  v e l o c i t y  o f  
t r a v e l  a l o n g  t h e  f i e l d  l i n e s .  The r ise t ime of s o l a r  e l e c t r o n  e v e n t s  
i s  s h o r t e r  compared t o  t h o s e  of t h e  p r o t o n  e v e n t s .  
(i) The s o l a r  e l e c t r o n s  of e n e r g i e s  k70 keV e x h i b i t  a n i s o t r o p i e s  
of l e s s e r  magni tude t h a n  t h o s e  of low energy p r o t o n s .  Even when l a r g e  
e l e c t r o n  a n i s o t r o p i e s  a r e  s e e n  a t  t h e  o n s e t  of a  s o l a r  e v e n t ,  t h e  
e l e c t r o n  p o p u l a t i o n  r e l a x  toward i s o t r o p y  w i t h i n  1-2 hours  from t h e  
o n s e t .  
( j )  The decay of t h e  e l e c t r o n  a n i s o t r o p y  is  i n  good accord  
w i t h  a  d i f f u s i v e  t h e o r y  developed by F i s k  and Axford. 
(k) A t  l a t e  t i m e s ,  t h e  s o l a r  e l e c t r o n  f l u x e s  e x h i b i t  
e q u i l i b r i u m  a n i s o t r o p i e s ,  whose p r o p e r t i e s  a r e  i n  good accord w i t h  
e x i s t i n g  t h e o r i e s .  The e x i s t e n c e  of an  e q u i l i b r i u m  a n i s o t r o p y  i n d i c a t e s  
t h a t  t h e  e l e c t r o n  p o p u l a t i o n  l e a v e s  t h e  s o l a r  sys tem through c o n v e c t i o n  
a l o n e ,  
(I) The equilibrium anisotropy very late in the solar 
e l e c t r o n  e v e n t s  i s  v e r y  f r e q u e n t l y  from t h e  e a s t  of t h e  e a r t h - s u n  
l i n e .  As is  t h e  c a s e  f o r  p r o t o n s ,  t h i s  s u g g e s t s  t h e  e s t a b l i s h m e n t  
of an  e l e c t r o n  p o s i t i v e  d e n s i t y  g r a d i e n t  n e a r  t h e  o r b i t  of  t h e  e a r t h .  
(m) A new t y p e  of p a r t i c l e  i n c r e a s e  was found i n  t h e  l e s s  
t h a n  1 0  MeV energy range .  T h i s  i n c r e a s e  o c c u r s  w i t h i n  a few minu tes  
of a  magne t ic  s t o r m  sudden commencement, l a s t s  l e s s  t h a n  one h o u r ,  
and is  r e s t r i c t e d  t o  e n e r g i e s  l e s s  t h a n  4 MeV. During t h e  p e r i o d  
May 1967 - J u n e  1968, e l e v e n  such i n c r e a s e s  were observed.  Among 
t h e  f o u r  l a r g e s t  e v e n t s ,  t h r e e  d i s p l a y e d  a  ve ry  d e f i n i t e  b i - d i r e c t i o n a l  
a n i s o t r o p y  d u r i n g  t h e  maximum enhancement. An e x p l a n a t i o n  f o r  t h e s e  
i n c r e a s e s  has  been proposed i n  terms of low energy p a r t i c l e s  t r a p p e d  
i n ,  and swept by t h e  advancing shock f r o n t  r e s p o n s i b l e  f o r  t h e  sudden 
commencement. 
13 .  Modular Aurora l  Probe Rocket Program 
W. J .  H e i k k i l a  
During t h e  p a s t  s e v e r a l  y e a r s  a Nike-Apache r o c k e t  i n v e s t i g a t i o n  
of a u r o r a l  zone phenomena h a s  been c a r r i e d  ou t  u s i n g  modular pay loads  
w i t h  recovery  by p a r a c h u t e  f o r  subsequent  r e f l i g h t .  Four pay loads  have 
been b u i l t ,  and a  t o t a l  of e i g h t  f l i g h t s  have been ach ieved .  Unfortu- 
n a t e l y  t h e  p a r a c h u t e  sys tem mal func t ioned  i n  t h r e e  f l i g h t s ,  l e a v i n g  on ly  
one payload i n  good c o n d i t i o n .  However, some of t h e  i n s t r u m e n t a t i o n  
from t w o  o t h e r  payloads can be r e f u r b i s h e d ,  R e s u l t s  are being analyzed 
f o r  p u b l i c a t i o n ,  and a l s o  Lor a P h ,  D, dissertation, 
A t  t h e  p r e s e n t  "cflile a l a r g e r  r o c k e t ,  t h e  Blaclc  Brant  V, i s  
be ing  ins t rumented  f o r  f u r t h e r  a u r o r a l  s t u d i e s  d u r i n g  t h e  w i n t e r  
1971-72 i n  c o n j u n c t i o n  w i t h  p a s s e s  by t h e  ISIS-B s a t e l l i t e ,  and 
p o s s i b l y  t h e  NASA ins t rumented  a i r c r a f t .  The modular approach i s  
a g a i n  be ing  u s e d ,  i n c o r p o r a t i n g  many of t h e  Nike-Apache i n s t r u m e n t s .  
The l a r g e r  s i z e  of t h e  r o c k e t  a l s o  p e r m i t s  f l y i n g  s e v e r a l  back-up 
i n s t r u m e n t s  from UTD s a t e l l i t e  programs, namely D r .  H e i k k i l a ' s  s o f t  
p a r t i c l e  s p e c t r o m e t e r  and D r .  Hoffman's i o n  mass s p e c t r o m e t e r  from 
ISIS-B, and D r .  Hanson's  i o n  t r a p  from OGO-F. Two f l i g h t s  are p lanned ,  
dependent  on s u c c e s s f u l  payload recovery .  
14.  S o f t  P a r t i c l e  Spectrometer  
The ISIS- I  s a t e l l i t e  c a r r i e d  a  s o f t  p a r t i c l e  s p e c t r o m e t e r  
which provided e x c e l l e n t  d a t a  d u r i n g  t h e  p e r i o d  February 2-October 26,  
1969. ( H e i k k i l a  e t  a l ,  1970) .  F i n a l  checkout  of t h e  ISLS-B s a t e l l i t e  
c a r r y i n g  a  s i m i l a r  s p e c t r o m e t e r  i s  now i n  p r o g r e s s ,  w i t h  launch schedu led  
f o r  March, 1971. 
P r e l i m i n a r y  r e s u l t s  have been p u b l i s h e d  on some of t h e  ISIS-1 
d a t a .  The p h o t o e l e c t r o n  escape  a long  m i d - l a t i t u d e  geomagnetic f i e l d  
l i n e s  i s  c l e a r l y  r e v e a l e d  ( H e i k k i l a ,  1970) .  The d e t a i l e d  p r o p e r t i e s  
of t h e  f l u x ,  such a s  t o t a l  p a r t i c l e  f l u x ,  energy spectrum,  a n g u l a r  
d i s t r i b u t i o n ,  n i g h t t i m e  f l u x e s  from t h e  c o n j u g a t e  hemisphere ,  and 
t h e  dependence on s o l a r  z e n i t h  a n g l e  a r e  a t  p r e s e n t  b e i n g  compared 
w i t h  t h e o r e t i c a l  p r e d i c t i o n s  made by o t h e r  g r o u p s ,  e s p e r i a l k y  Br ,  A .  F ,  
Nagy a t  t h e  U n i v e r s i t y  of l.Iichigan and D r .  P .  Banks a t  t h e  U n i v e r s i t y  
of C a l i f o r n i a  a t  San Diego. 
A s t r o n g  f l u x  of 100 ev e l e c t r o n s  and s e v e r a l  hundred ev 
p r o t o n s  a t  h i g h  l a t i t u d e s  (75'-80') d u r i n g  t h e  dayt ime have been 
i d e n t i f i e d  as s o l a r  wind plasma p e n e t r a t i n g  v i a  t h e  magnetospher ic  
c u s p s  ( H e i k k i l a  and Winningham, 1971) .  T h i s  is e x c i t i n g  new e v i d e n c e  
f o r  open magnetospher ic  models.  T h i s  f l u x  seems t~ b e  t h e  c a u s e  of 
many dayt ime h i g h - l a t i t u d e  g e o p h y s i c a l  phenomena such a s  a u r o r a ,  
e l e c t r o m a g n e t i c  n o i s e ,  and geomagnetic f l u c t u a t i o n s .  
Night t ime a u r o r a l  f l u x e s  a r e  observed on every  p a s s ,  a l t h o u g h  
t h e  i n t e n s i t y  and l o c a t i o n  depend on t h e  l e v e l  of a c t i v i t y .  The f l u x  
o f t e n  hardens  n o t i c e a b l y  a t  t h e  c e n t e r  of a n  a u r o r a l  form ( H e i k k i l a ,  
1970) .  A comparison w i t h  our  r o c k e t  o b s e r v a t i o n s  is  be ing  made, 
p a r t i c u l a r l y  a s  p a r t  of a  Ph. D. d i s s e r t a t i o n  p r o j e c t .  
A  s u r p r i s i n g  o b s e r v a t i o n  i s  t h a t  of i n t e n s e  f l u x e s  of k i l o v o l t  
e l e c t r o n s  and p r o t o n s  over t h e  e q u a t o r  a t  n i g h t ,  i n  t h e  600 t o  1000 km 
range  ( H e i k k i l a ,  1971) .  The s o u r c e  of t h e s e  i s  n o t  known, a l t h o u g h  
t h e r e  is  a  p o s s i b i l i t y  t h a t  they  a r e  convected down from t h e  i n n e r  
Van A l l e n  b e l t  by e l e c t r i c  f i e l d s  of t i d a l  o r  magnetospher ic  o r i g i n .  
C o r r e l a t i o n  of such f l u x e s  w i t h  e q u a t o r i a l  i o n o s p h e r i c  s t r u c t u r e  a s  
observed w i t h  t h e  t o p s i d e  sounder is  be ing  pursued w i t h  D r .  Leroy N e l m s  
of  t h e  Communications Research C e n t e r ,  Ottawa, Canada, and D r .  Raghava 
Rao of Ahmedabad, I n d i a .  
5 L a L r r r a t o ~ - ~  S t u d y  of P l ;srma Prsobes 
The evaluation of d . c .  and a . c m  plasma probes i n  a  l a b o r a t o r y  
plasma s i m i l a r  t o  D and E r e g i o n  i o n o s p h e r i c  plasma i s  c o n t i n u i n g .  
The e f f e c t  of Langmuir probe s u r f a c e  con tamina t ion  h a s  been  demonstra ted 
(Bunt ing and H e i k k i l a ,  l 9 7 0 ) ,  a s  a  c l e a r  warning t o  t h e  u s e r s  of suck 
p robes  i n  i o n o s p h e r i c  a p p l i c a t i o n s .  The p h y s i c s  of t h e  i o n  s h e a t h  h a s  
been  s t u d i e d  th rough  t h e  t r a n s i e n t  mot ions  produced by s t e p  changes  
i n  p robe  p o t e n t i a l  (Bunt ing and H e i k k i l a ,  1971) ;  t h i s  work a l s o  i s  
t h e  b a s i s  of a  Ph,D. d i s s e r t a t i o n  completed by Bunting i n  November 1970,  
Some work i s  c o n t i n u i n g  on t h e  r a d i o  f requency p r o p e r t i e s  of p r o b e s ,  
a s  p a r t  of a  Ph.  D ,  d i s s e r t a t i o n  by J e n s  T a r s t r u p .  
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